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whicli lind been desieeatecl in various ways. From these figures it is clear 
that altliough removal of water by means of acetone did not result in 
anj'^ obvious loss of nitrogen-retaining activity, desiccation of the gland 
Avith alcohol under conditions similar to those advocated by Collip [1939] 
resulted in an extract almost complet^lj’’ dcA’’oid of such activit}". 

Animals receiving ])rotci7i and carbohydrate moieties of the diet at different 

times 

The results of tAA’o typical experiments arc illustrated graphicall}’^ in 
Figs. 1 and 2. In both instances the dail}’- injection of a crude alkaline 
extract of fresh ox anterior lobe Avas folloAved by a sharp fall in the daily 
nitrogen excretion, Avhich A\'as maintained as long as the daily injections 
Avere continued. Cessation of treatment aa'ss folloAA-ed by a sudden rise of 
nitrogen excretion to a IcA’^el aboA’^o that in the pre-injection control period. 

It AA'as to be expected from prcAdous results [Cuthbertson et ah, 1940] 
that the separation in time of dietary carbohj'drate and protein under 
these conditions Avould result in a negative nitrogen balance, AA'hile giAung 
the carbohydrate and protein simAiltaneouslj'^ should result in approxi- 
mate mtrogen equilibrium. The data in Table III, AA’hich refers to the 

Table III. Inflneiice of crude alkaline extract of fresh ox anterior lobe on 
nitrogen balance of rats receiving dietary carbohydrate and protein at dif- 
ferent thnes 



Average 

Average daily urinary excre- 

Average 

Nitrogen balance 


daily 

tion of nitrogen (mg./rat) 

daily 

(mg./rat/day) 

Experi- 

faecal 

Pro- 


Post- 

intake 

Pro- Post- 

ment 

nitrogen 

injection 

Injection 

injection 

of 

injection Injection injection 

number excretion 

period 

period 

period 

nitrogen 

period period period 


(mg./rat) 




(mg./rat) 


1 

— 

211 

145 

— 

225 

-24* + 42 * — 

2 

38 

212 

142 

236 

225 

-25 -1-45 -49 


* Based on the assumption that faecal nitrogen excretion was constant at 38 mg./rat/day. 

experiments the results of Avhich are illustrated in Fig. 1, sIioav that a 
negative nitrogen balance Avas indeed found during the pre-injection 
control period, but that a substantial nitrogen storage Avas induced by 
the treatment Avith pituitary extract. When daily treatment Avith the 
extract Avas stopped the nitrogen balance became substantiallj’’ more 
negative than it had been during the pre-injection control period. 

Discussion 

Harrison & Long [1940] demonstrated that the administration of a 
crude anterior pituitary extract to fasting rats results in a marked reduc- 
tion in the urinary excretion of nitrogen, and our results are in agreement 
Avith theirs, in so far as rats receiving a constant and limited amount of 
mixed diet are concerned. 
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Figs. 1 & 2 

Figs. 1 and 2. Influence of daily treatment with anterior 
pituitary extract on the body -weight and on the incrensed 
protein catabolism which follows separation in time of the 
protein and carbohj'drate moieties of the diet of the adult 
rat. The figures plotted arc the averages for groups of rats. 

Extract of th>Tnus gland or of anterior pituitan.' gland was 
administered subcutaneously each day during the periods 
indicated by the arrows. 

R is interesting that desiccation of ox anterior pituitary' tissue ^rith 
fvlcohol, as advocated by Collip [1939] results either in an inactivation of 
tlic substance responsible for the nitrogen-retaining action of pituitary 
extracts, or in such alteration of its properties that it Ix'conics insoluble. 
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under the conditions wJiich peniiit its extraction from fresli tissue or from 
acetone-desiccated material. Tlie use of acetone-desiccated tissue or of 
the fresh gland itself seems preferable for the production of simple active 
extracts. 

Nevertheless, the use of extracts prepared from alcohol-desiccated 
anterior lobe tissue maj’’ assist in the differentiation of the nitrogen- 
retaining substance from certain other pituitary hormones, such as 
prolactin, which are present in a crude allvaline extract of the alcohol- 
desiccated material. It ma}’’ be mentioned that an aqueous alcoholic 
extract of fresh or of acetone-desiccated ox pituitary tissue was not found 
to possess nitrogen-retaining activit 3 '- under the condition of our experi- 
ments, nor was activity found in an alkaline extract of the commercial 
acetone-desiccated ox pituitary'- powder which had previous^ been found 
to be deficient in certain other pituitar}’^ liormones [Chance, Rowlands & 
Young, 1939]. It is clear, therefore, that the active principle is somewhat 
more labile than some other pituitary factors, a fact in keeping with the 
observations of Harrison & Long [1940]. In subsequent investigations 
a crude alkaline extract of fresh anterior lobe tissue was employed as 
a source of the pituitary nitrogen-retaining substance. 

It was expected that an increased rate of bodj’^-growtli would be foimd 
when rats were treated with these crude pituitar}'- extracts and such was 
found to be the case (Table I). It is interesting, but perhaps fortuitous, 
that the dose-growth response emve for crude ox pituitary’' extract im- 
plicit in the results in Table I is very similar to that previously pubhshed 
by Marks & Young [1940] Avho used adult female rats for the assay of 
growth hormone, according to the method of Evans & Simpson [1931]. 
If this similarity is more than a coincidence it suggests that the male rat, 
when its growth curve has been ‘plateaued’ by restriction of diet is 
capable of responding for a short time to the growth-stimulus of the 
anterior pituitary extract, to the same extent as the older female rat, 
whose growth curve has plateaued naturally despite unhmited food intake. 
In both instances, therefore, the hmitation to growth may be the hmitation 
of ability to store the nitrogen absorbed in the food as bodj’' protein in a 
form which is not a labile one. 

In both series of experiments the period of nitrogen retention induced 
by treatment with the pituitary extract was followed by a period of 
increased nitrogen loss, as though some part of the nitrogen had been 
retained in a loosely bound form. In the experiments with the mixed 
diet, this post-injection period of increased protein catabolism was not 
associated with any obvious or general loss of body-weight, although 
growth was shght or non-existent during this period. In the experiments 
in which the heavier rats received their dietary carbohydrate and protein 
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at different times, the animals lost body-weight during the post-injection 
period when the excessive loss of nitrogen occurred. 

It is clear from our results that the nitrogen loss associated with the 
separation in time of the carbohydrate and protein portions of the diet 
of the adult rat, can he more than overcome by treatment with anterior 
pituitary extract, but this does not necessarily mean that the pituitary 
gland controls this particrdar relationship between the metabolism of 
carbohydrate and that of protein. Experiments on hypophysectomized 
rats would be required to settle this point. 

StnsrMAJtY 

1. Although crude extracts of fresh ox or sheep anterior pituitary gland, 
and of acetone desiccated ox anterior pituitary tissue, are capable of 
inducing nitrogen retention in rats with a restricted daily intake of a 
mixed diet, extracts prepared from ox anterior pituitary tissue which has 
been desiccated in alcohol, are almost completely inactive in this 
respect. 

2. The increased nitrogen loss associated with the separation in time 
of the carbohydrate and protein moieties of the diet of the adult rat 
can be more than compensated by the retention of nitrogen induced by 
treatment with a crude extract of fresh ox anterior pituitary tissue. 

3. In all these experiments, the period of increased nitrogen 
retention under the influence of pituitary extract was followed by a period 
of excessive nitrogen loss. 


KEFERENCES 

Chance, M. R. A., Rowlands, I. W., & Young, F. G. [1939]. Journal of Endocrinology, 1, 239. 
Collip, J. B. [1939]. The Cyclopaedia of Medicine, Surgery and Specialities, p. 637. Phila- 
delphia. 

Cuthbertson, D. P., McCutcheon, A., & Munro, H. N. [1940]. Biochem. J. 34, 1002. 
Dohan, F. C., Fish, C. A., & Lukens, F. D. W. [1941]. Endocrinology, 28, 341. 

Evans, H. M., & Simpson, M. E. [1931]. Amer, J, Physiol. 98, 511. 

Folin, O. [1914]. J. biol. Chem. 17, 469. 

Gaoblor, O. H. [1933]. J. exp. Med. 57, 349. 

Gaobler, O. H., & Galbraith, H. W. [1941]. Endocrinology, 28, 171. 

Harrison H. C., & Long, C. N. H. [1940]. Endocrinology, 26, 971. 

Loo, M. O., k Schaficr, N. K. [1934]. J. Nutrit. 7, 337. 

Marks. H. P., & Young, F. G. [1940]. Lancet, i, 493, n, 710. 

Mirsky, I. A. [1939]. Endocrinology, 25, 52. 

Richardson, K. C., & Young, F. G. [1937]. J. Physiol. 91, 352, 

Shipley, R. A., & Long. C. X. H. [1938]. Biochem. J. 32, 2242. 

Teel, H. M., &. CMshing, H. [1930]. Endocrinology, 14, 157. 

Tool, H. M., & Watkins, O. [1929]. Amer. J. Physiol. 89, 662. 

Young, F. G. [1939]. Biochem. J. 32, 524. 

loung, F. G. (193Pa]. Jottmnl of Endocrinolcyrj, 1, 339. 

Young, F. G. [19395]. Brit. med. J. ii. 393. 

Young, F. G. [1940]. Endocrinclory, 26. 345. 



THE ANTERIOR PITUITARY GLAND AND 
PROTEIN METABOLISM 

II. THE INFLUENCE OF ANTERIOR PITUITARY EXTRACT 
ON THE METABOLIC RESPONSE OF THE RAT TO INJURY 

Br D. P. CUTHBERTSON, G. B. SHAW and F. G. YOUNG 

From the Inslihite of Physiology, University of Olasgow, and the National Institute 
for Medical Pcscarch, J^ondon, iY.ir.5 

(Peccived 15 May 1941) 

Both in the human being and in the rat an injury, such as the fracture 
of a long bone, causes an increased output of nitrogen and creatine in 
the urine. The excretion of sulphur, phosphorus and potassium is also 
increased, indicating a breakdown of tissue substance. This was found to 
be a general, rather than a local, breakdown of tissue substance [Cuthbert- 
son, McGirr & Robertson, 1939]. 

In the preceding paper [Cuthbertson, Webster & Young, 1941], the 
ability of a crude extract of anterior pituitary’- tissue to induce nitrogen 
retention was confirmed, and it was shown that the loss of nitrogen 
associated with the separation in time of the carboliydrate and protein 
constituents of the diet of the adult rat could be more than overcome by 
the injection of a crude extract of the anterior pituitary glands of oxen. 
It was therefore of some interest to investigate the influence of such an 
extract on the excessive protein catabolism of trauma in the rat, and on 
the rate at which recovery from the effects of the injury occirrred. 

Methods 
Animals and diet 

Adult Wistar-strain, male or female albino rats were used in this investi- 
gation. They received a constant amount of food each daj’’ (Rowett 
Institute stock diet [Thomson, 1936]), of such amount that they either 
remained at a relatively constant weight, or shghtly lost in weight. This 
slight restriction in normal food intake is necessary to ensure that the 
animals will stiU eat their full ration after the operation. If the consump- 
tion of food falls after the operation the interpretation of the results is 
rendered doubtful. 

Procedure 

In all 14 operated animals were treated with anterior pituitarj”^ extract, 
while 15 similarly operated control rats were also examined. Three 
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successive experiments were carried out in which the animals were distri- 
buted as follows ; 

Experiment 1 : 4 untreated control male rats 

4 pituitary-treated male rats. 

Experiment 2 ; 5 thymus-treated control male rats 

5 pituitary-treated male rats. 

Experiment 3 ; 6 thymus-treated control female rats 

5 pituitary-treated female rats. 

The pituitary-treated rats received daily subcutaneous injections of 
1 ml. of a crude alkaline extract of fresh ox anterior pituitary tissue, 
equivalent to 50 mg. of dried tissue. In two experiments the control 
animals were treated similarly with an extract prepared in a comparable 
manner from calf thymus gland. 

The general procedure for the collection of urine and for the determina- 
tion of nitrogen balance was similar to that in previous investigations 
[Cuthbertson et al., 1939]. Urine collection from metabolism cages was 
carried out during the last 5 days of an 8-day pre-operation period on 
the stock diet. At the end of this period the rats were anaesthetized ^vith 
open ether and incised over a depilated area on the left thigh. A fracture 
of the left femirr was then produced by crushing with forceps, after separa- 
tion of the muscle groups down to bone by blimt dissection had been 
effected. The wotmd was then closed and allowed to heal asepticalty. 
The daily injection of pituitary or thymus extract was begun on the day 
of operation and continued for 8 days after. 

At the end of the experiment the animals were killed with chloroform, 
and after the carcasses had been skinned, the hind hmbs were cut into 
symmetrical halves by first truncating the body above the level of the 
iliac crests at the first and second lumbar vertebrae and then sphtting 
the sjTuphysis pubis and sacral regions longitudinally. The limbs were 
then weighed. The quadriceps femoris, and in some cases also the gastro- 
cnemius, of each limb was then removed and weighed, although this 
V’as rendered somewhat difficult in the injured limbs by the strong ad- 
hesions of the quadriceps around the fracture. 

Results 

Nitrogen mclabolism during trauma due to injury 
Total nitrogen excretion 

Untreated control animals. The production of a fracture of the femur 
produced n sharp rise in the excretion of urinarj' nitrogen (Fig. 1) wliich 
rc.ichcd a maximum value on the third day after injury. Tiie subsequent 
fall in nitrogen excretion was also sharp, and bas.il conditions were 
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reached in approximately one week after injury'. The results were closely 
parallel to those found under similar conditions in an earlier experiment, 
as indicated by the broken line in Fig. 1 [Cuthbertson cl a!., 1939]. 

Thymus-treated control animals. The two experiments, the average 
values of which are shown in Fig. 2, differed somewhat in their results. 
One showed a sharp rise in nitrogen excretion with a fairly sharp fall 



tlong of thymus extract. anterior pituitary extract. 

Figs. 1, 2 and 3. Influence of fracture of the loft femur on the body-weight and on 
protein catabolism in the rat. The arrows indicate the day on which the fracture was 
induced. The figures plotted are average values for the experiments. 

during the next two days, although thereafter the level tended to remain 
high. In the other experiment (female animals) the rise in iminary nitrogen 
was slow and reached its maximum only on the sixth day. This slow rise 
in the second group of thymus-treated control rats was also reflected in 
the creatine excretion, which tended to parallel the changes in nitrogen 
elimination. This slow reaction is unusual and we can offer no explanation 
for this result in one experiment. 

When the results for these two groups are averaged the mean values 
(Fig. 2) indicate a sharp rise in nitrogen excretion, with a maximum value 
on the third day, after which the level tends to remain high. 

Anterior-pituitary treated animals. In all three of the experiments the 
results of which are summarized in Fig. 3, there was a marked fall in 
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nitrogen excretion during the two days foUomng injury. Thereafter the 
urinary nitrogen output tended to rise, reaching a maximum value on 
the fifth day. Over all there was no loss during the first five post-injury 
days and no significant loss over eight daj's (Table I). The period of five 
days was selected in order to conform with the number of pre-injury 
observations. 


Table I. Mean daily urinary nitrogen excretion in mg.jrat over tico five-day 
periods. Figures in parenthesis are values for eight-day periods 


Treatment 
Untreated controls 
Thymus extract 
Anterior pitmtary extract 


Pre-injury 

359 

363 

365 


Post-injury 
397 (387) 
427 (425) 
364 (366) 


N balance 
-38 (-28) 
-64 (-62) 
-M (-1) 


Creatine excretion 

In Table II are the mean values for the five pre-injury and five post- 
injury days. Figures in parenthesis refer to eight-day periods. The rise 
in creatine excretion tended on the whole to occur earher than that in 
the excretion of nitrogen, but the small rise for the thymus-treated, in 
comparison with that for the untreated, rats is surprising. 


Table 11 . Mean daily creatine excretion in mg.jrat 


Treatment 

Pre-injury 

Post-injury 

Balance 

Untreated controls 

4 

n (10) 

-7 (-6) 

Thymus extract 

10 

13 (14) 

-3 (-4) 

Pituitary extract 

9 

10(11) 

-1 (-2) 


The excretion of preformed creatinine remained remarkably constant 
in spite of the variations in creatine output (Figs. 1, 2, & 3) a finding 
H'liich we have previously noted, and which would suggest that the 
normal mechanism for the conversion of creatine to creatinine is not 
functioning effectively. 


Response of mtiscles to injury 

H tight of hind limbs 

Owing to the difficulty in effecting a tnil}' sjTumetrical bi-.'^cction tlie 
values in Table III are to be regarded as very approximate. It is to be 
noted, however, that not only was the difference between normal and 
injured limb greatest in the anterior-pituitary -treated grouji, but that 
even the injured limbs in this group were of higher weight than the corrt-- 
s'ponding limbs of the other groups. On the whole the increase in weight 
of the normal limbs is in proportion to the general increase in body-weight 
in the pituitary group. 
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Table III. Limb and muscle, weights in g. {Left limb damaged) 

Hind linil)H Qiindricopfi foin. Gnstrocnomius 

Right. Loft Diff. ]liglit I^'ft Diff. Rigid Reft Diff. 

Antorior-pitiiitnry- 

t rented rats ‘ 20-75 25-00 -1-00 2-572 2-115 -0-257 1-170 ]-.'12C -0-160 

Thyinus-trentod rnts 22-01 21-10 -1-15 2-021 1-751 -0-270 1-11.5 1-000 -0-107 

Untreated control rnts 2.5-CG 2-1-07 +0-11 2-;!57 2-150 -0-207 1-101 1-.572 -0-029 

It should be made clear ilmi the anomalous finding of no loss in limb 
weight in the group of untreated controls is contrary to previous observa- 
tions and emphasizes the general unreliability of tliis particular measure- 
ment. 

Quadriceps femoris 

It is obvious that the loss of nitrogen in the urine of the control rats 
cannot bo explained by diflcrenccs in the wciglits of the hind limbs or 
quadriceps femoris (Table III). This is iu agreement with earlier findings. 
Such slight increase in Aveight of the quadriceps muscles of both sides in 
the anterior jiituitaiy treated grouji Avas a rcfiection of the change in 
total bodj'^-Aveight. 

The difference betAveen right and left legs shoAved little change from 
group to group. Such differences ns occurred Avere probably conditioned 
by the nature of the injur3q AAdiich, although initinll}’’ produced in approxi- 
mately the same way, yet jdeldcd different results ns regards fragmenta- 
tion of bone and degi'ee of over-riding, etc. 

Gastrocnemius 

This muscle also shared in the general dififei’ence betAA^een normal and 
injured legs but to a less marked extent (Table III). 

Moisture content of muscles 

Such differences as exist betAA^een the total Aveights of these muscles, of 
the anterior-pituitary-treated group and the thjmius-treated animals were 
not due to a rise in AA’^ater- content of the muscles of the former. 

Total body-weights 

Following trauma, and during the period of injection, the anterior 
pituitary group gained slightly in Aveight (Fig. 3). The increment 
occurred during the early daj’^s and Avas maintained. The other groups 
shoAved a fall in body-Aveight of some 10-5 g., equivalent to about 329 mg. 
of nitrogen, if Ave are justified in considering the loss of Aveight to be 
entirely due to Avasting of muscle. The actual loss of nitrogen by the 
untreated controls and the thymus-treated controls averaged 360 mg. 
over the 8 days. Considering the gross assumptions the discrepancy is 
probably not significant. 
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DiSCUSSIOIs 

The daily administration of a crude alkaline extract of anterior pituitary 
gland to rats suffering from a fractured femur produced by open operation 
prevented the loss in body-weight and excessive loss of nitrogen and 
creatine, which are the usual concomitants of such an injury. Injections 
of thymus extract caused a rather greater loss of nitrogen than would 
have occurred if the animals had been untreated, but this was most 
probably due to the manipulation of the injured animal dming the injec- 
tion process, which resulted in a disturbance of the zone of fracture. We 
have some evidence that, in the htunan organism, resetting a fracture 
may cause a disturbance of metabolism. That the thymus extract per se 
would not be expected to induce a rise in nitrogen excretion, is seen from 
the results of the preceding publication [Cuthbertson, Webster & Yoimg, 
1941]. In view of this it is all the more remarkable that the injection of 
the anterior pituitary extract, which required a similar manipulation, 
should have led to httle or no loss of nitrogen. 

The effect of the pituitary extract, like that of the injury, on the 
metabolism of the injured animal, is a general rather than a local effect, 
and possibly represents the normal growth response to this extract, 
superimposed upon and compensating the increased catabolism following 
injury. 

Although there was a priori no ground for believing that desoxycortico- 
sterone should cause nitrogen retention during the post-injurj' period, 
since its general effects are otherwise, nevertheless we thought the point 
worth investigation. The dose used for intramuscular injection was 
0‘O mg. desoxycorticosterone acetate (Ciba ‘Percorten’) per day. The 
5 fractured animals in this group showed a rapid rise in nitrogen excretion 
which also reached the maximum value on the third daj'. The rise was 
more sustained than in the imtreated controls and conformed to the male 
group of thymus-treated control rats. The creatine excretion reached its 
maximum on the first and second daj-s and then declined slowly. 

The observations made on the rate at which the atrophied muscles are 
restored under the influence of the pituitary extract show that although 
the animal as a whole grows more rapidlj' under the pituitary stimulus, 
and protein catabolism in general is diminished, no greater rate of resti- 
tution of the atropliied muscles of the injured limb is thus induced. In 
other words, the promotion of protein anabolism in general by the pitui- 
tary extract provided no particular stimulus for the restoration of the 
protein which had been lost, as the result of trauma, by the muscles of 
the injured limb. The extract is therefore of no obvious use in the clinical 
treatment of such muscle atrophy. 
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Nevertheless tlie possibility rcinnincfl thet the extract might ho of 
value in inducing more rapid restoration of tissue which had been surgi- 
cally removed, i.c. that it might be of use in promoting the restoration of 
tissue lost as a result of wounds. An investigation of this point forms the 
subject of the following paper [Cuthbertson, Shaw & Young, 1911]. 

SUMMAKY 

The daily administration of a crude alkaline extract of ox anterior 
pituitary lobe to rats suffering from a fracture of one femur prevents the 
loss of body-weight and excessive excretion of nitrogen and of creatine 
which is the normal result of such an injury. No beneficial treatment was 
observed on the restoration of the atrophied muscles of the injured limb. 

We should like to thank Prof. E. P. Cathcart and Prof. G. M. Wishart 
for their stimulating interest in this work, and to express our thanks to 
the Medical Research Council and to the Rankin ^Medical Research Fund 
for their financial support. We are much indebted to Ciba Ltd. for a 
supply of ‘Percorten’. 
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III. THE INFLUENCE OF ANTERIOR PITUITARY EXTRACT 
ON THE RATE OF WOUND HEALING 

By D. P. CUTHBERTSON, G. B. SHAW aisD F. G. YOUNG 

From the Institute of Physiology, University of Glasgow, and the National Institute 
for Medical Eesearch, London, N.W.3 

[Received 15 May 1941) 

Ik the preceding paper [Cuthbertson, Shaw & Young, 1941] we showed 
that treatment with a crude alkaline extract of ox anterior pituitary lobe 
can prevent the loss of body-weight and the excessive loss of urinary 
nitrogen and creatine which normally follow fracture of the femur in the 
rat, although such treatment did not increase the rate of restoration of 
the muscles which atrophied as the result of the injmy. At the request 
of the Medical Research Council we have examined the effect of a similar 
extract on the rate of wound healing in the rat. 

Arey [1936] who has summarized the literature on wound healing finds 
little or no work relating to the action of the anterior pituitary gland on 
the rate at which wounds heal ; apart from the observations of Ceccarelli 
[1930] who noted that local applications of an extract had no influence 
on the total healing period, and Lauber [1933] who obtained favourable 
results with injections of ‘hypophysin’ and ‘Prolan’. 

Methods 

Animals and diet, the. 

Sixty-eight Wistar-strain male albino rats of average weight 215 g. 
were used in the present investigation. They were given the stock diet 
[Thomson, 1936] ad libitum throughout the experiment. 

After the experimental production of the wounds, 34 of the animals 
received daily subcutaneous injections of 1 ml. of a crude alkaline extract 
of fresh anterior lobe tissue of ox pituitarj* gland, each ml. being equivalent 
to 50 mg. of dried tissue. The injections were begun on the day of opera- 
tion and continued until the wounds were completel}’ healed. The control 
nnimals remained untreated. 

Production of wounds and measurement of rate of wound healing 

The animals were anaesthetized with open ether and depilated over 
the outer aspect of each thigh by plucking. Two circular incisions were 
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deinnrcntcci, one on each aiclc, hy a specially sharpened cork borer of 
12-8 mm. diameter. The circular inci.sions so produced did not completely 
pierce the skin as the under-lying muscle is very easily injured. The 
areas thus marked out irei-e then cnrcfiiUy cut out with scissors, and the 
circular discs of skin released from the underlying muscle by cutting 
through the adherent connective tissue. The wounds subsequently en- 
larged but remained roughlj’ circular in outline. 

The first measurements Avero made 8 hours after the injury, and then 
at dail}’’ intervals. After 24 hours the Avound was rather smaller than its 
original size, the diminution mainly affecting the diameter corresponding 
to the long axis of the thigh. The aa'ouiuIs therefore tended to heal as 
ellipses in AA'hich the major axis initially diminished less rapidly than the 
minor axis — a dificrcncc tvhich Avas maximal during the first tAA'o to three 
days, and then graduall3’^ disappeared as the rate of decline of the minor 
axis gradually’- fell off AA’ith time. IMeasurcmcnt of major and minor axes 
Avas effected b}’’ means of diAuders. Even if the Avounds Avere not true 
ellipses anj'^ error made in calculating the area on this assumption aaiH 
not affect the general comparison. 

About the fifth daj’- after the operation the hard scabs Avhich had 
previouslj’’ formed tended to be ‘pushed off’ the surface of the granulating 
Avound by the epithelization underneath. It aa^s difficult at this stage 
exactly to determine the true axes of these Avounds, but, by laying the 
divider points underneath the edges of the scab it Avas possible to obtain 
a reasonable assessment of the size of the AVound. When the scabs feU off, 
or Avere rubbed off by the animal, the granulating surface could be more 
accurately measured. The Avound finally ended as a A'ery small narroAV 
line. None of the Avounds became septic. 

The criteria of complete healing Avere the disappearance of all granu- 
lation tissue, and the complete closure of the AA^ound. Further obserAmtion 
was impossible short of excising the scar and measuring its tensile strength, 
which Avas not done. 

Results 

The results are summarized in the Table AAdiich sIioavs that the anterior 
pituitary extract exerted no accelerating action on the rate at Avhich the 
Avounds healed (see Graph). 

In the animals treated Avith antei'ior pituitary extract the process of 
Avound shrinkage Avas shghtly less rapid than that in the control rats 
(Graph), and the pituitary-treated animals therefore commenced the final 
period of epidermization Avith slightly larger Avounds. Hoav far this Avas 
due to the process of injection and hoAV far to the extract is impossible 
to state, but in any case the difference is very slight and mainly affected 
the minor axes. The total Aveighted mean period of healing Avas essential^ 
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the same for both groups, namely 15-1 days for the control rats and lo-o 
days for the anterior pituitary-treated animals. 



Discussion 

The initial increase in size of the wound was the result of removing a 
disc from a relativelj' elastic and mobile skin. In the rapid restoration of 
the breach, which began ndthin 24 hours, shrinkage or some phy.eico- 
chemical process appeared to be the main factor. Epithelial migration 
resulting in epidermization completed the work of contraction [sec also 
Carrel & Hartmann, 1916]. This process varies directly with the size of 
the wound. The larger the wound the greater the rate of cicatrization 
(i=co Graph). 
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We may safely conclude from our results tliai the crude ox anterior 
lobe extract, Avliich was known to prevent excessive traumatic catabolism 
of tissue protein in the rat [Cuthbertson cf. al., 1941] exerts no accelerating 
action on the rate at which these artificiallj' induced wounds heal, although 
it stimulates general body growth (sec Graph), 


Jnjluencc of crude 2>Umlary c,rtracl on rote of wound healing in rats 


Monii fiizo of wound 
on second dny 
(mm.*) 

Control rats 8Q‘74 

Antorior-pituitnry-tronted rnts 07‘88 


Days to complete 
healing 

(woiglitcd moan) 
Url 
Ifi-C 


Eato of 
healing 
(mm.’/day) 
5-0 
G-3 


SUMiMARY 

A crude allcaline extract of the anterior pituitar3’^ of the ox which was 
growth-promoting and capable of preventing loss of body-weight and 
tissue nitrogen in rats Y'ith fractured femurs, was found to have no signifi- 
cant effect on the total period required to heal wounds caused b}’’ the 
removal of circular discs (128-7 mm.") of skin from the upper thighs of 
rats. 

We wish to express our thanks to Professor J. S. Young of the Uni- 
versity of Aberdeen for much useful advice on the production of wounds. 

This work was carried out with the aid of financial support from the 
Medical Research Council, to whom we express our thanlvs. 
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USE OF OESTROGENIZED MALE RATS FOR THE 
STUDY OF GONADOTROPHIC ACTIVITY 

By R. DEAITESLY and M. H. WARWICK 
From the National Institute for Medical Research, London, A’'. IT. 3 

(Received 22 May 1941) 

Cheonic oestrogenization of male animals causes retardation of body 
growth and atrophy of the testes, both effects being due mainly, if not 
exclusively, to depression of hypophyseal activity. A review of the 
Hterature has recently been given by Deanesly [1939]. Injection of growth 
hormone and gonadotrophins during the course of oestrogen treatment 
will maintain growth and prevent the atrophy of the reproductive organs 
[Spencer, D’Amour & Gustavson, 1932; Moore & Price, 1932]. 

It seems unlikely that chronic oestrogenization will completely obliter- 
ate the somato- and gonado-trophic functions of the anterior pituitar}’- 
gland, i.e. will lead to the same condition as hypophj’sectomy, and certain 
differences in the behaviour of oestrogenized and hypophysectomized rats 
have been pointed out as regards growth and response to gonadotrophins 
[Noble, 1939]. Nevertheless, oestrogenized rats are definitely quiescent as 
regards gonadal activity, and the growth above 120 g. is negligible. Such 
animals might therefore be used for the assay of somato- and gonado- 
trophic preparations. Experiments on these lines with growth hormone 
have been recorded b 3 ’' Levie [1939] and analogous ones with gonado- 
trophins are described below. 

Matekial and Technique 

Male rats of not less than 100 g. at the beginning of the experiment 
were used. At this size thej’’ are beginning to show full sensitivitj- to 
oestrogenization. Oestrogen was administered in the form of dietlndstilbo- 
ostrol, two 15-mg. tablets of which were implanted subcutaneoush*, 
except in one experiment, under ether anaesthetic, just before injections 
l>egan. The amount absorbed during the 20 -da 3 - experiments averaged 
about 5 mg. from each tablet. This dosage was probablv unncccssarih' 
large for depression of the pituitar\' activiU', but it was thought desirable to 
give over- rather than under-dosage. With stilboestrol the anti-]iituit.ar_v 
action is the same as that of other oestrogens [Noble, 1 9.3S ; Gaarenstroom 
de Jongh, 1939] but rather more inten.=e over short iieriods owing 
to its greater subcutaneous solubility* [Deanesly A Parkes, in jirc's]. 
Sections through the testes from 13S rats belonging to 23 exi>erimental 
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groups -were examined to find out what stages of spermatogenesis were 
present. 

Experimentai. Results 

Ocslrogcnization only 

Table I shows the average size of testes and seminal vesieles in normal 
and oestrogenized adult rats of different body-weights. The rats used in 

Table I. Effects of ocstrogcnhalion on body-weight and reprodnetive organs 

of adnit male rats 



No. of 

Stilboestrol 

Duration of 
obsorviition 

Averogo 

body-weight 

Avorngo weight 
of 

Xos. 

rata 

implanted 

or treatment 



At start 

At end 

Testes 



S.v. 

Control groups 

(«ng.) 

(cloys) 

(g-) 

(g-) 

(g-) 

(g-) 

306-310 

5 

Nono 

13 

140 

157 

1-73 

0-135 

86-90 

5 

Nono 

20 

116 

167 

1-900 

0-344 

26-30 

5 

Nono 

20 

132 

184 

1-950 

0-367 

205-209 

6 

Nono 

20 

142 

179 

2-00 

0-378 

290-294 

5 

Nono 

20 

150 

192 

1-81 

0-443 

66-60 

5 

Nono 

20 

165 

203 

2-210 

0-438 

Oeslrogcnizcd groups 






177-180 

4 

30 

6 

125 

131 

1-31 

0-044 

131-135 

5 

30 

5 

143 

137 

1-62 

0-054 

187-190 

4 

30 

6 

— 

191 

1-73 

0-178 

121-126 

6 

30 

10 

116 

106 

1-22 

0-087 

250-254 

5 

30 

10 

225 

192 

1-85 

0-173 

76-80 

6 

16 

20 

108 

117 

0-944 

0-049 

126-130 

5 

30 

20 

113 

120 

0-690 

0-035 

21-26 

6 

30 

20 

133 

136 

0-686 

0-045 

51-55 

5 

30 

20 

138 

150 

0-495 

0-051 

200-204 

6 

30 

20 

141 

135 

0-626 

0-033 

81-85 

6 

30 

20 

106 

no 

0-440 

0-038 


these experiments showed considerable variation, particular!}’' in the 
weights of the accessory organs, but the effect of oestrogenization was 
quite unmistakable. In rats of 100-140 g. body- weight the seminal vesicles, 
still comparatively small at the beginning of the experiment, were reduced 
to about 60 mg. after 5 or 6 days’ oestrogenization. The testes, as already 
found [Deanesly, 1939], showed a progressive reduction in size and dis- 
organization and disappearance of the germinal epithelium during the 
20-day experiments. It is clear that stilboestrol in tablet form exercises 
an immediate effect in suppressing the gonadotrophic secretion of the 
pituitary gland. 

Oestrogenization and injection over 10 days 

Various gonadotrophic preparations were tested in three tj’^pes of 
experiment to determine approximately the dosage Avhich would maintain 
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Table 11. Oestrogenization and injections over 10 days 


No. in 

Extract 

Daily 

Average body-wt. 

Average veight of 

Nos. group 

injected 

dose 

At start 

At end 

Testes 

S.v. 



(mg') 

(g.) 

(g-) 

(g-) 

(g-) 

96-100 5 

AP61B 

1 

116 

121 

1-966 

0-534 

91-95 5 

» 

2 

114 

120 

2-02 

0-567 

111-115 5 

AP61C 

2 

132 

132 

1-127 

0-047 


the normal size and secretion of the reproductive organs in oestrogenized 
males. Table II shows apparently that full maintenance can be obtained 
in a 10-day test by means of horse pituitary extract (AP61B) in a daily 
dosage of 1 or 2 mg. Sections through the testes of these rats, however, 
indicated that their fertility had not been maintained; much of the 
germinal epithelium seemed normal, but the actual spermatozoa had been 
extensively damaged and it was doubtful if new ones were being produced. 
It may be noted that if a gonadotrophic substance in a particular dose 
is adequate to maintain the normal size of the reproductive organs in an 
experiment of this kind, then twice that dose maj"^ not materiallj' increase 
the size of the testes or seminal vesicles, and in certain cases may actually 
lead to a decrease, as shown by other experiments (Tables III and V). 
Table II shows that in this test AP61C, the prolactin fraction of a horse 
pituitary extract failed to prevent the regression of the testes and seminal 
vesicles. 

The data given in Tables I and II show that so far as the size of the 
seminal vesicles is concerned, a 10-day period of oestrogenization and 
injection is adequate to allow a clear-cut result. As regards the size of 
the testis, however, a longer experimental period seems to be desirable. 

Oestrogenization and injection over 20 days 

In the next set of experiments (Table III) oestrogenization was pro- 
longed for 20 days, hlost of the rats of 135 g. or over showed little gain 
m weight during the experimental period; the gonadotrophic extracts 
injected daily did not replace the growth-promoting activity inhibited 
by the stilboestrol. As regards the reproductive organs, it will be seen 
that horse pituitary extract APGlB was again partially cfTcctivc in a 
daily dose of 0-5 or 1 mg., while doses of 2 mg. and 5 mg. stimulated 
nbnornial growth of the reproductive organs in relation to the body- 
weight of the rat. Examination of testis sections from the rats receiving 
horse pituitary indicated considerable variation in the response, corre- 
sponding generally to the individual weights of the reproductive organs, 
I^oily dosage of 0-1 mg, and 0-25 mg., though jiartially preventing tc-tis 
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shrinkage, proved inadequate for maintenance of tlio interstitial cells and 
the tubules vere considerably disorganized. The group receiving 0-5 mg. 
dail}’' showed much variation, but on an average the testes were better 

Table III. Effect of concurrent ocstrogenxzation and injections of gonado- 

tropJiws over 20 dai/s 



No. in 

Extract Daily 

Average hody-wt. 

Average weight of 

N 

Nos. 

group 

injected doso 

("ig-) 

At start 
(g-) 

At end 
(g-) 

Testes 

(g-) 

S.v. 

(g-) 

31-35 

5 

01 

135 

135 

0-813 

0-053 

30-40 

6 

Horso 0-25 

lie 

144 

1-421 

0-134 

41-45 

5 

pituitary 0-5 

136 

143 

1-610 

0-401 

1-5 

5 

extract 1-0 

140 

146 

1-941 

0-720 

02-05 

4 

APOIB 2-0 

112 

115 

O.O-J 

0-923 

00-70 

6 

5-0 

118 

122 

2-36 

1-070 

71-75 

6 

Horso 2-0 

pituitary 

extract 

APOIC 

115 

121 

1-61 

0-127 

0-10 

6 

Pig 2-0 

pituitary 

extract 

AP74D 

121 

123 

0-622 

0-044 

11-16 

5 

Ox 6'0 

pituitary 

extract 

APS IB 

150 

142 

0-800 

0-087 

302-304 

3 

0-0025 

142 

123 

0-680 

0-061 

305-309 

6 

0-005 

140 

137 

1-99 

0-171 

320-324 

5 

Urine of 0-015 

138 

133 

2-160 

0-403 

325-329 

5 

pregnancy 0-026 

131 

128 

2-450 

0-350 

295-299 

6 

extract 0-025 

143 

153 

1-934 

0-669 

285-289 

5 

UP27^ 0-050 

142 

153 

2-410 

1-106 

210-214 

6 

0-100 

138 

144 

1-820 

1-106 

215-219 

6 

0-250 

137 

156 

2-260 

1-140 

10-20 

6 

0-500 

136 

145 

1-640 

0-816 


maintained. With dosages of 1-5 mg. daily the stimulation of the inter- 
stitial cells tended to be excessive as shown by the size of the accessory 
glands. In section the cells were more prominent than in the normal testis 
and showed much cytoplasm. Even in the last two groups, however, in 
which the testes were regaining their normal size, the germinal epithelium 
showed some signs of damage. The rats receiving 2 mg. daily were 
probably still fertile but 5 mg. daily in some cases caused abnormal 
oedema of the testes. AP61C, the prolactin fraction, though ineffective 
in the 10-day test, here prevented the full regression of the testes and 
reproductive organs, owing presumably to the traces of gonadotrophic 
activity present. AP74D, a gonadotrophic extract of pig pituitary gland, 

^ 1 mg. UP27 contained 200 international units of chorionic gonadotrophin. 
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however, had no distinguishable effect in a 2-ing. daily dosage. Ox 
pituitary gland extract AP81B apparently partially maintained testis 
size, but did not prevent the regression of the seminal vesicles. These last 
results were disappointing, since both the last two extracts are predomi- 

Table IV. Effect of concurrent oestrogenization and injections of pregnant 
mare serum {PMS26) over 20 days 



No. in 

Daily 

Average body-weight 

Average weight of 
, * , 

Nos. 

group 

dose 

At start 

At end 

Testes 

S.v. 



(I.D.) 

(g.) 

(g.) 

(g-) 

(g-) 

310-314 

5 

0-5 

143 

116 

1-08 

0-055 

280-284 

5 

1 

142 

145 

2-15 

0-398 

275-279 

5 

2 

142 

149 

1-90 

0-574 

235-239 

5 

4 

136 

149 

2-35 

0-952 

245-249 

5 

8 

136 

147 

2-24 

1-230 

240-243 

4 

26 

136 

148 

2-47 

1-160 


nantly ‘luteinizing’ and might have been expected to maintain the secre- 
tion of the interstitial cells of the testis. The urine of pregnancy extract 
UP27 in very small doses proved adequate for maintenance of the size and 
secretory function of the testes — in fact a daily dose as low as one-fortieth 
of a milligram stimulated the interstitial cells to hypemormal activity 
judging by the size of the seminal vesicles. It will be noted that vith 20 
times this dose neither the testes nor the seminal vesicles were abnormally 
large at the end of the experiment. In the group receiving 0-05 mg. dailj’’ 
the germinal epithelium, with the exception of some of the spermatozoa, 
seemed to be well maintained. It could not be stated with certainty, 
however, that the rats would have been fertile. 

Pregnant mare serum proved to be highly effective, one or two inter- 
national units daily being adequate for gross maintenance of the repro- 
ductive organs. Larger amounts caused further increase in the testes 
and seminal vesicles, but allowing for normal variation within the groups 
8 I.U. daily had not much more effect than 4 1.U. With both these doses 
the reproductive organs were larger than in the corresponding normal 
control group and above normal size in relation to the body-weights of 
the animals. With the three highest doses of pregnant mare serum the 
average bodj’^-weight increase in 20 da 3 ’s was 12 g., indicating that slight 
growth was still taking place. Sections through the testes of the group 
receiving 1 I.XJ. daih' indicated that the germinal epithelium, with the 
exception of some of the spermatozoa, had been satisfactorih' maintained. 

Oestrogenization over 20 days udth injection over the last JO 

Some gonadotrophic preparations evoke immunity’ to their action very 
rapidly (sec Hamburger [1938] in case of mare .‘^crum extracts) and it 
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was thought that tlio results of the 20-day injections described above 
niiglit liave been interfered witli the animals becoming resistant during 
the latter part of the experimental period. 

As a shorter period of oestrogenization was not thought to be sufficient, 
it became nccessar}^ in order to shorten the period of injection, to introduce 
the principle of restoration as well as maintenance of the reproductive 
organs. 

A third set of experiments (Table V) was therefore completed in which 
stilbocstrol tablets were implanted for 20 da 3 's but gonadotrophic injec- 
tions were given onlj' during the last 10 da 3 's. The results, taken with 


Table V. Effect of ocstrogcnizalion for 20 days and hijcction of gonado- 
trophins over the last 10 days 



No. in 

Extract 

Daily 

Averago body-wt. 

Average 
y " ' 

weight of 

Nos. 

group 

injected 

dose 

At .start 

At end 

Testes 

S.v. 





(g.) 

(g-) 

(g-) 

(g-) 

107-110 

4 

Horse 

1-0 

106 

109 

1-413 

0-473 

101-105 

5 

pituitary 

2-0 

111 

128 

1-920 

0-682 

225-229 

5 

extract 

2-0 

138 

141 

1-660 

0-407 

230-234 

5 

APOIB 

4-0 

137 

141 

1-414 

0-364 

15G-1C0 

5 

Pig pituit- 

2-0 

181 

166 

0-978 

0-106 

161-165 

5 

ary extract 

5-0 

214 

181 

1-117 

0-090 

166-170 

5 

AP74D 

10-0 

206 

177 

1-055 

0-067 

220-224 

5 

Urine of 

0-1 

140 

143 

1-190 

0-221 

141-145 

5 

pregnancy 

0-6 

208 

184 

0-981 

0-130 

136-140 

5 

extract 

1-0 

214 

192 

1-102 

0-206 

146-150 

5 

UP27 

2-0 

197 

170 

0-811 

0-142 


the data in Table I, show that when the reproductive organs have been 
regressing for 10 days, they can be restored to normal size b 3 '^ 10 daily 
injections of horse pituitar 3 '^ extract in spite of continued oestrogenization. 
Given in this way, however, doses of 40 mg. and 20 mg. respectiveb'^ of 
AP61B produce smaller testes and seminal vesicles than the same total 
doses spread over the whole 20 days of the experiment. The pregnanc 3 '^ 
urine extract also was not as effective in restoring testicular activity as 
in maintaining it (Tables III and V). The pig anterior pituitary extract 
AP74D failed to restore, and probably even to maintain, the size of the 
seminal vesicles and testes (Table V). 

In general these results show that restoration over a period of 10 days 
is more difficult than maintenance over 20 da 3 '^s, and they do not lend 
any support to the view that tlie effectiveness of 20 daily injections is 
compromised by antihormone formation. 
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Discussiok 

The results indicate that gonadotrophic extracts mU maintaiu the size 
of the male reproductive organs in rats in which the activity of the 
pituitary gland is inhibited by implanted oestrogen. It is possible, more- 
over, to obtain a graded response by the use of different doses of gonado- 
trophic extract on rats of similar body-weight at the time of oestrogen 
implantation (Tables IH and IV), i.e. there is a relation between dose 
and response. The results do not, however, suggest that such oestrogenized 
male rats would be suitable for the assay of gonadotrophic preparations 
of unknown strength. There is always considerable individual variation 
in the size of the accessory organs and though there is no reason to suppose 
that this is greater than in the case of other test-objects, the fact that 
their response to injection in the oestrogenized animal is an indirect one, 
increases the variables inherent in the test. Moreover, while size changes 
m the accessory glands may reasonably be considered as an uncomplicated 
indication of interstitial cell activity, size changes in the testes are 
obviously dependent on a variety of factors. It is known that in hj’po- 
physectomized animals spermatogenesis may be maintained or even 
restored by androgens, and it may be assumed that in these experimental 
rats functional spermatogenesis is affected indirectly by the condition 
of the interstitial tissue as well as directly by the gonadotrophic injections. 
As regards intertubular tissue, changes in the interstitial cells cannot be 
supposed to affect testis-weight per «e, but intertubular fluid accumulation 
seen in some of the injected animals must materiallj' do so. 

General histological study of the experimental material indicates that 
the maintenance of the germinal epithelium by means of gonadotrophic 
extracts is much less simple than maintenance of the interstitial cells. 
Even where the tubules look superficially normal, the spermatozoa are 
often observed to be disintegrating and the later stages of spermato- 
genesis are not proceeding normally. Large testes, associated with large 
uccessor^' glands, might be found completely sterile on histological exami- 
uation, having perhaps been over-stimulated. On the whole the testes 
from experimental rats appearing most normal were those injected from 
the beginning of the 20-da}' period with horse pituitary extract, pregnant 
mare serum or urine of pregnancy extract. Pituitary gland extract.s of 

predominantly Tuteinizinu ’ character proved almost uscle.'S to maintain 
the testes. 


SUJIMARV 

Tlie subcutaneous implantation of two la mg. tablets of dictliyltilbo- 
ostrol into male rats of body -weight 100-140 g. cau.se.' rajiid rc^rresdon 
of the testes and accessor}* glands. 
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Rats tlius treated respond readily to gonadotrophic extracts of liorse 
pituitary gland, urine of i)regnant women and serum of pregnant mares, 
but not to those of pig and ox pituitary gland. 

Some of the variables pertaining to the test are examined and discussed. 

Our best thanks arc due to Dr. F. G. Young who prepared the pitui- 
tary extracts. 

We arc much indebted to Jlessrs. Roots Pure Drug Company for the 
tablets of diethylstilboestrol, to Armour Laboratories for the pig pituitary 
material, to Organon Laboratories for the urine of pregnane}' extract and 
to Burroughs Wellcome and Compan}- for the pregnant mare serum. 
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QUANTITATIVE STUDY OF THE EFFECTS OF 
IMPLANTING TABLETS OF OESTROGENS 
AND ANDROGENS IN RATS 

By R. DEANESLY xsd A. S. PARKES 
From the National Institute for Medical Research, London, N.W. 3 

(Received 22 May 1941) 

The prolonged administration of oestrogenic substances to male animals 
produces very marked effects. The more interesting of these effects, 
notably those on growth and on the gonads, are apparently exerted indi- 
rectly by depression of hypophyseal activity. Much of the work has been 
carried out on the male rat, in which stunting of the body and atrophy 
of the testes can readily be obtained by prolonged administration of 
oestrogens. This capacity to depress pituitarj’- activity is seen both in 
the naturally-occurring oestrogens'and in the synthetic oestrogens such as 
diethylstilboestrol [Noble, 1939]. 

It is already known that substances which have mxiltiple properties in 
common may not show them equally intensely. As an extreme example 
it may be recalled that methyl testosterone is highly androgenic and 
slightly progestational, while progesterone is highly progestational and 
faintly androgenic. Also, evidence is already appearing that the various 
multiple activities of the oestrogens are not equally intense in all oestro- 
genic substances. Thus, the theoretical possibility exists that further 
"’ork will result in the preparation of substances which, for instance, 
depress pituitary activity but do not cause the characteristic changes in 
the reproductive tract of the female, or again, of substances which depress 
only one pituitary function. Such substances might be of great practical 
as well as theoretical interest, since the use of existing oestrogens to eorrect 
an overactivity of the pituitarj’^ gland (overgrowth, for instance) would 
lead to unwanted hj'perplasia in the reproductive tract. 

Detailed comparison of different substances can only be made by accu- 
ratel}’^ assajing all their known activities, and it is important that a full 
range of appropriate methods should be available. Accurate methods have 
already been worked out for raanj' of the acthdties, but quantitative study 
of the antigrowth and antigonad effect has not yet progressed far. Botli 
of these are essentially long-term effects and it has already been shown 
fhat administration of the substances by the tablet implantation technique 
produces the result effectivel}’ and with the minimum of labour [Dcancsly. 
1939]. The present paper provides a quantitative basis for the simple 
comparison of the antipituitaiy activity of oestrogenic snb-tanccs. 

K k 
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JmjyJanfadon of oestrogen^ in young male rafs 
For long gicriocis 

If young male rats arc ]iy])opli 3 ’sccto!ni/,ccl at 40-50 g. boclj'-wcight, 
growth proceeds fairl 3 ' norniall^’^ to a wciglit of 70-80 g. and tliereaftcr 
ceases abruptly'. TJic effect of earl}' ocstrogenization is rather different, 
as pointed out b}’^ Noble [1939], Fig. 1 sliows that although the growth 
rate of iniinaturc I’ats is innnediatcl}' depressed b}' oestrogenization, 
growth docs not cease until tlic rats are over 120 g. IVith tablets of about 
15 mg., oestradiol has a rather more marked effect than oestrone; this 
result might be expected since oestradiol has greater biological activity, 
and it has a greater rate of subcutaneous absorption [Dcanesty, 1939J. 


Table I. Dc 2 )ression of groioth rate in mah rats by oestrogens 


No. of 

Avorngo body-wt. 

Substaneo 

Avorngo ninonnt 

Avorngo body-wt. 

rats 

at implantation 

imiilantcd 

implanted per rat 

tlireo months Inter 


ie-) 



fg-) 

20 

40 

— 

— 

ISO 

5 

44 

Oostrono 

14-7 

152 

6 

48 

Oostrono 

CO'O 

124 

20 

40 

Oestradiol 

14-0 

IIS 

4 

77 

Stilboestrol 

15-2 

lie 


With much larger tablets of oestrone (average 51 mg.), the gro'O'th inhibi- 
tion is nearly as great as with the smaller tablets of oestradiol. The anti- 
growth effect of the implantation of stilboesti’ol tablets is substantially 
similar, as found by Noble [1939] vdio tested the effect of various sjmthetic 
oestrogens and carcinogens on the growth rate. 

Four rats averaging 77 g. received 15 mg. tablets of stilboestrol ; Fig. 1 
shows the immediate depression of the growth rate. These rats were 
killed after 96 days as the tablets were tending to disappear, since the 
solubility of stilboestrol is about ten times that of oestrone. The depres- 
sion of the growth rate is about the same as that pi’oduced by oestradiol 
and takes effect in comparatively young rats. It appears likely that the 
anti-growth effect of the oestrogens is to some extent exerted direetty, 
since it is shown at a time when the pituitary gland is unnecessary for 
growth. Whether this direct effect is due to influence on the tissues 
themselves or to decreasing the food intake of the animal is not clear. 

The general effects of oestrogen administration in tablet form to 40 
immature male rats correspond closely to those already described for 
adult rats [Deanesly, 1939]. Gro%vth of the gonads and accessory organs 
was inhibited and the testes and prostate remained very small (about 
70-200 mg.) ; the seminal vesicles which respond to oestrogen administra- 
tion by fibrosis enlarged to a limited extent (88-160 mg.) but showed no 



OESTROGEN AND ANDROGEN BEPLANTATION 


489 


secretory activity. The adrenals were variable but on the whole larger than 
in the controls. The rats showed less tolerance for the oestradiol than for the 
oestrone; pituitary gland tmnours developed in five rats after about 9 
months implantation. Only two out of twenty-four rats survived for a year. 



Fig. 1 

Fig. 1 . Depression of the growth rate of immature mole rats by the administration 
of ocstrogens. Except for the rats receiving stilbocstrol, in which the time of 
implantation is marked with an arrow, tablets were implanted at the beginning of the 
period of observation. Other details in text, 

^‘niplantaiion for short periods 

A series of experiments was carried out to see if a simple quantitative 
h'j- or 30-day test could be devised for studying pituitary* gland inhibition. 
The results showed that marked changes could be produced during these 
periods in rats of a suitable size, and a quantitative comparison could 
tl'crefore be made between an unknown substance and a known oestrogen. 

Four groups of five rats averaging 48—49 g. body-weight were selected 
and oestrone tablets of about IG mg. were implanted subcutaneously in 
half of the animals, the others remaining as controls. One normal and 
one control group were killed after 15 or 30 days, and Table II gives th.c 
ody-weights and weights of the reproductive and endocrine onr.ans at 
autopsy. It is clear from Fig. 1 that in short tests of this kind on immature 
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rats tlio body-wciglit could not be used ns an index of pituitary gland 
inhibition, and tlic extent of tlic dificrcnce between the control and the 
1/3-dny experimental group is probably fortuitous. The reproductive 
organs and the pituitary glands in the ocstronc groups, however, show 
well-marked dilTerenccs in weight from those in the normal groups. 

Table II. Effects of 15 and 30 days’ jntmlary gland depression by oestrone 
in rats: comjiarison of the average weights of reprodnetive and endocrine 
organs in normal and treated males 

Group Ist wfc. Lnatwt. Dftj’.s Testos Proatnto S.v. Pitiiitarj' Adronnls 




(B-) 

(bO 


(b-) 

{mg.) 

(mg.) 

(mg.) 

(mg.) 

I 

Normal 

48 

107 

15 

1-05 

73 

20 

3-0 

20 

la 

Ocstrono 

49 

70 

15 

0-22 

37 

28 

4-0 

OO 

II 

Normal 

49 

1 OO 

30 

1-56 

172 

no 

5-0 

25 

Ila 

Ocstrono 

49 

125 

30 

0-7C 

00 

51 

100 

28 

III 

Normal 

111 

— 

— 

1-50 

158 

109 

4-0 

21 

Ilia 

Ocstrono 

110 

121 

15 

1-3G 

115 

42 

8-5 

30 

IV 

Normal 

114 

181 

30 

2-41 

509 

488 

5-0 

27 

IVa 

Ocstrono 

118 

143 

30 

0-79 

113 

48 

13-0 

40 


Table II also records similar tests on groups of young adult rats in 
which implantation of IG mg. oestrone tablets for 15 or 30 da3’^s caused 
shrinkage of the testes and accessorj'- organs and enlargement of the 
adrenals. Group III shows the approximate sizes of the latter at the 
beginning of the experiment, and Group IV the weights in similar rats 
30 days later. Comparing these with Groups Ilia and IVa receiving 
oestrone, it is clear that significant differences in the size of the organs 
have been produced. 

Another 30-day test on small groups of jmung rats showed that ■with 
oestrone tablets averaging respectivel}'^ for each group 12*4, 9-4 and 5-9 
mg., the extent of the pituitarj'^ gland inhibition was the same throughout. 
In earlier experiments with larger rats [Deanesl}^ 1939] it was found that 
very small amounts of oestrogens Avere adequate to produce almost the 
maximum inhibition for that substance. 

Implantation of oestrogens in castrated rats 

Ten rats were castrated at about 40 g. and five of them were given 
15 mg. tablets of oestrone subcutaneously. TJie surviving three rats in 
each group were killed one j'^ear later. Fig. 2 shoAvs that the depressing 
effect of oestrogens on groAvth is apparent in castrate as in normal male 
rats, although the groAvth of the former is already depressed by comparison 
Avith that of the normal animal [cf. Rubinstein, Kurland & Goodwin, 
1939]. The groAvth of castrated rats AAoth oestrone tablets is rather more 
depressed than that of normal rats Avith (15 mg.) oestrone tablets of 
similar size. 
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Fro. 2 

Fro. 2. Effect of castration on the growth rate of normal and oestrogenized 
immature male rats. Castration and tablet implantation were carried out 
at the beginning of the period of obser\’ation. 

Implantation of oestrogens or androgens in young female rats 
Noble [1939] has shown that oestrogens in tablet form will inhibit 
growth in female as well as in male rats ; the adrenals and uterus enlarge 
but the ovaries become atrophic in such animals. Similar results were 
obtained in the present experiments, begun in January* 1939 ; twenty rats 
received oestrogen implantations but a number of them died less than a 
year later. Those surviving more than 9 months showed pituitary and 
mammary gland tumours. Fig. 3 shows that growth was depressed by 
oestrogens to about the same extent in females as in males. In an earlier 
0-"^periment the subcutaneous implantation of tablets of testosterone 
propionate inhibited the growth of normal female rats to about the same 
extent as does oestrone (Fig. 3). After 81 days implantation and absorp- 
tion of about 15 mg., this group of rats had atrophied ovaries but well- 
developed uteri. The pituitary glands were not enlarged. Similar results 
here obtained bj’ Rubinstein et al. [1939] and Kochakian [1940]; the 
etter makes no reference to the effects of continued sex hormone injection 
^>0 the pituitarx' gland. 

Simultaneous implantation of oestrogen and androgen in young male rats 
^oth in birds and in mammals there is mutual inhibition between 
ondrogens and oestrogens. Thus the comb growth promoting effect of 
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Fig. 3 

ifia. 3. Depression of tlie growtli rnto of immature female rats by the administration of 
testosterone propionate or oestrono. Tablets were implanted at the beginning of the period 

of observation. 

androgens in capons can be suppressed bj’- the simultaneous administra- 
tion of oestrogens [Emmens & Bradshaw, 1939]. In rats and mice the 
cornification of the vagina in response to injection of oestrogen can be 
prevented by the simultaneous injection of androgen. In male mammals 
protection from the effects of oestrogens can be obtained if androgens are 
given simultaneously. The literature on this last subject is extensive as 
regards the testis and accessory organs and need not be reviewed here. 
The protection of the male from the pituitar 3 '’-depressing action of oestro- 
gens by the injection of androgens seems to have been little investigated. 
Such a study is inherently complicated, since androgens themselves ma}’' 
cause depression of pituitary activity in the male [Rubinstein ei al., 1939]. 
Wolfe & Hamilton [1937] made a histological study of the pituitary glands 
of male rats injected simultaneously -with oestrone and testosterone pro- 
pionate. They found that the percentage of chromophobes did not in- 
crease, and weight and histological changes were not as marked as 
in rats receiving the same dose of oestrone only. They concluded that the 
androgen had partly inhibited the effect of the oestrogen. 
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The following experiment was carried out to extend this kind of investi- 
gation to a study of the functional activity, especially the somatotrophic 
activity, of the pituitary gland. 

Seven groups of five rats each were used, the body-weight when obser- 
vations started averaging between 50 and 60 g. Two groups were kept 
as controls, one group was given diethylstilboestrol only, and one testo- 
sterone propionate only, while the remaining three groups received tablets 
of both substances. Stilboestrol was administered to each rat receiving 
it by the subcutaneous implantation of one 15 mg. tablet. The tablets of 
testosterone propionate varied somewhat in weight, but they averaged 
rather over 20 mg. From what is known of the absorption rates of these 
two substances administered in tablet form [Deanesly & Parkes, 1938] 
it was anticipated that the stilboestrol tablets would be absorbed in the 
course of about three months, whereas the testosterone propionate tablets 
would take considerably longer. This expectation was realized, since 
when the rats were killed 85 days after the implantations were made the 
tablets of stilboestrol had disappeared while those of the androgen were 
still present, but reduced to about half their previous size. 

The growth curves for the four categories of rats are shown in Fig. 4. 
The curves for the control and stilboestrohzed rats are similar to those 
given earher in this paper. Moreover, the difference in the growth rates 
of the control and androgenized rats are similar to those observed b\' 
Rubinstein ei al. [1939], and indicate slight growth inhibition. The growth 
curve for the fifteen rats receiving both oestrogen and androgen is most 
instructive and shows clearly that the depression of the somatotrophic 
activity of the pituitary gland produced bj' stilboestrol can be at least 
partially prevented by the simultaneous administration of androgen. 
During the first three weeks after implantation the rats receiving tes- 
tosterone and stilboestrol increased in 'weight t-wice as rapidly as those 
receiving stilboestrol only. The latter stabilized at a weight of about 
110 g., a result in keeping with those recorded earlier in this paper. The 
rats recemng the double implantation stabilized at about 140 g., a weight 
which is not reached by heavil}" stilboestrohzed rats. Nevertheless, the 
inhibition of the antigrowth action of oestrogens was only partial, since 
the body g^o^vth of rats recei\-ing both substances fell far behind that of 
the controls and androgen-treated animals. 

The condition of the testes of the rats in the various groups: indicated 
that the depression of gonadotrophic activity had been similar to that of 
somatotrophic activity. The untreated animals all had large testes in full 
spermatogenic activitv; those receiving stilboestrol only had very small 
testes, in which both the tubules and the interstitial cells showed tlie 
fullatrophy previously described [Deanesly. 1930] in oestrogcni-e<-l animals. 
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WEEKS 

Fio. 4 

Fio. 4. Effect of the simultaneous administration of androgen on the anti-growth action 
of oestrogen. Tlie time of implantation of tablets of testosterone propionate and stilboestrol 

is shown by the arrow. 


The typical intra-tubular oedema was also present. The testes of the rats 
receiving the double implantation were somewhat variable, but the most 
atrophic were considerably less so than those of the rats receiving 
oestrogen only. The less atrophic were moderately large, and fuUy 
formed, and contained spermatozoa. Histologically, therefore, the 
testes had been substantially protected from the antipituitary effects of 
oestrone by the simultaneous administration of testosterone propionate. 
Whether this effect is due wholly to protection of the pituitary gland 
from the effects of the oestrogen is not clear, since androgens have a con- 
siderable power of maintaining spermatogenesis at least for a time, when 
the pituitary gland has been surgically removed [Walsh, Cuyler & McCul- 
lagh, 1934]. Another feature revealed by the histological examination of 
the testes was the comparative smallness and quiescence of the testes of 
the rats receiving testosterone propionate only. Spermatozoa were present 
in all, but the testes as a whole, and the individual tubules, were only of 
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moderate size, and spermatogenesis was not very active. This observation 
recalls the result of Bottomley & EoHey [1938] who found that adminis- 
tration of testosterone caused testicufer atrophy in young guinea-pigs, 
and emphasizes the interest of the fact that the strongly inhibitory eflFect 
of oestrone and the mildly inhibitory effect of testosterone on the testes 
are antagonistic, not additive, when both are administered together. 

SUMMAKY 

Administration of oestrogens to male rats of 40-50 g. body-weight 
causes immediate retardation of the growth rate, but growth does not cease 
till a weight of 120-130 g. is reached. 

Changes in the testes and accessory organs following oestrogenization 
are sufficiently advanced at 15 days to make possible an estimate of the 
antipituitary activity of an unknown substance imder test. 

The growth rate of castrated rats is lower than that of normal male 
rats, and is further depressed by oestrogenization. 

The growth rate of female rats is depressed by the administration of 
either oestrone or testosterone. 

The antigrowth and antigonadotrophic effect of stilboestrol in male 
rats can be inhibited partially by the simultaneous administration of 
testosterone. 

We are much indebted to Messrs. Boots Pure Drug Compan}' for the 
supply of tablets of diethylstilboestrol, to Messrs. Ciba for the testosterone 
propionate and to Organon Laboratories for the oestrone and oestradiol 
tablets. 
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nbundnni, but n iiuinbcr of flic dividing ceJI.s were pusiied into tlie lumen 
nnd were undergoing degeneration. 

J)iscusf;io)i 

Tlic liypophyseal control of tbc gonad in birds has been described by 
Hill & I’arkcs [lfl.'M6]. They found that in Brown IjCghorns regression of 
the comb follows immediately after removal of the hypopliysis, and the 
rate of regression is much the same ns that in the castrated adult cock. 
This indicates that testicular secretion ceases nbrujitl}' after the e.xtirpa- 
tion of the hyjiophysis. I’he lack of secondary se.xual characters in the 
pigeon makes it difilcult to ascertain the immediate effect of hypoph^^scC' 
tomy on the sc.x glands. However, basing conclusions on the weight and 
histological changes of the gonad, it is likely that the testis begins to 
regress immediately after removal of the ])ituitary. 

Pigeon 0-529 oflcrs the best example of the abrupt cessation of ovarian 
activity following hypoph^'scctomy in the female. In this bird eggs were 
scon in the o^^duct at the time of operation. The bird died 12 days later 
and the eggs, being in a state of liquefaction, were recovered from the 
oviduct post mortem. This suggests that the failure to lay the ovulated 
eggs was caused by the withdrawal of ovarian secretions on which the 
normal functioning of the oviduct deijcnds. 

It has been established that both the gonad and the thjToid gland are 
dependent upon the anterior pituitary for their normal functioning. But 
the sensitivity of these two organs to removal of hypophj'seal control is 
different. We have found in h 3 q)Oj)hysoctomized pigeons that the de- 
crease in the weight of the thju'oid is not as rapid as in that of the testis, 
and the hypothju'oid type of plumage can be obtained only in the long- 
surviving birds. This suggests that the tliju’oid atrophies rather gradually. 
Some evidence from two hypophj’^sectomized Brown Leghorn cockerels 
supports this view. In the male Brown Leghorn the regression of the head 
furnishings and the colour changes in the breast feathers are two character- 
istic manifestations of hypopituitarism Avhich indicate hypofunction of the 
gonad and thyroid respectively. 

It was recorded by Hill & Parkes, and has been noted in the writer’s 
experience, that the comb atrophy begins before the plumage change after 
total hypophysectomy of a Brown Leghorn cock, or may occur in its 
absence when hypophysectomy is incomplete. 

The gonads of hypoph 3 'sectomized pigeons can be maintained or re- 
stored by the administration of either horse or sheep pituitary extract. 
Hill & Parkes [1935], on the other hand, reported that neither ox nor 
horse pituitary extract could prevent gonad atrophy in hypophysectomized 
Brown Leghorn cockerels. Species differences in gonad reaction to various 
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pituitary preparations are well known to occur but, as mentioned in the 
introduction, it is not clear to what extent these differences are due to the 
quahtative properties of the extracts. 

The most informative part of this study is perhaps that relating to the 
effect of male hormone on the testes of the normal and hypophysectomized 
pigeons. It has been repeatedly shoum by previous workers that male 
hormone suppresses hypophyseal activity in mammals and indirectly 
causes regression of the gonad. The same effect has now been shoun to 
occur in pigeons. 

As regards the gonadergic effect of androgens, it has been demonstrated 
in the present study that testosterone maintains spermatogenesis in newly 
hypophysectomized pigeons and may also reinitiate testicular growth 
when administration is delayed. This affords good evidence that the effect 
is exerted directly on the seminiferous tubules and not indirectly by the 
maintenance of scrotal function. Attention may here be called to the 
extraordinary paradox that androgens are capable, at least for a time, of 
preventing the atrophy of the tubules caused by removal of the pituitar 3 % 
' but not the atrophy which follows the injection of androgens to the normal 
^male and which is caused, apparently, by the depression of pituitary 
( activity. 

The effect of male hormone on ovarian activity of the female needs to 
be further emphasized. In the present experiments the ovarian function 
in hj-^pophysectomized female pigeons has been considerably and consis- 
tently stimulated by testosterone. This agrees vdth the findings of Starkey 
& Leathern [1938] and Salmon [1938] on immatme mice. In the opinion 
of the latter author the effect is due to stimulation of the pituitar}^ gland 
of the female, but it seems that the gonadergic activity' of the androgen 
itself may provide an adequate explanation. 

Summary 

(1) Hj’pophj’sectomj’ in the iiigeon caused rapid regression of the 
gonads and acccssorj' sexual organs. Histologicallj’-, the testes of hj^po- 
physcctomizcd birds showed reduction in tubule size and interruption of 
spermatogenesis. The intertubular tissue was relatively' increased, but the 
hormone-producing cells no longer functioned, as shown by the extreme 
atrojihy of the vasa deferentia. In the ovaries of hyj)ophyscctomized 
females there were no healthy-looking follicles of more than 1 mm. in 
diameter. The oviduct was atrophic and lacked glandular structure. 

(2) Replacement thcrajiy with pituitary extracts in hypophysectomized 
birds proved effective. Pituitary jireparations with high folliele-stiinulat- 
ing activity, such as those from horse and sheep pituitary glands, were 
more cfi'cctive in the restoration of gonadal activity than ox jiituitarv 
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extmoi containing mainly luteinizing aclivily. i\(Iininisl ration of horse 
pituitary extract eitluM' iinincdialely after liyjjopIiyKcctomy or later on 
])rovcd to be cquall}- cn’cctive. 

(3) Injection of tcstosterojio to normal sexually mature i)igcons caused 
damage to the testes. Administration of (he same hormone to liypopli}'- 
sectomized l)irds resulted in the maijitenance of gonadal function. The 
deleterious effect of male hormone on the testes of normal birds is probably 
exerted indirectly througb (he pituitary, while its stimulating effect in 
hypophyscctomized birds is almost certaiidy direct. 

It is a great ])leasure to acknowledge my indcbteflnc.ss to Sir ]Jeniy Dale 
and the I\Iedicat Rc.search Council for the hospitality of the National 
Institute for IMedical Ro.search Farm Laboratories, to I^Ir. R. E. Glover, 
Superintendent of the laboratories, for bis helpful assistance, to Dr. 
A. S. Parkes for bis continued interest and advice, and to Dr. Zuckerman 
for statistical assistance. 

The testosterone was kindl^’^ provided by Dr. K. iMicseber and IMcssrs. Ciba. 
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MORPHOLOGICAL RELATIONSHIP BETWEEN 
TESTICULAR NERVES AND LEYDIG CELLS IN 

MAN 


Jiv IIAIiAU) OKICKW ANII KNUJJ SANI) 

From the Institute of Legal jMcdieine, Universiti/ of Copenhagen , Denmark 

{Itcccivcd 25 Noirmbcr 1939) 

It is well known tliiit (he connective tissue of the testicular intcrtubulnr 
spaces contains a variable number of the so-called Lc^'dig cells, cpitlieloid 
elements of wbiob the structure has been minutcl}' described but wliose 
function is stilt unknown. 

Since Bcrtbold’s [18-11)] tcatks transplantations in bens (an experiment 
which had alrcadj' been carried out by John Hunter in 1792) an endocrine 
function has been rightlj' ascribed to the testis ; t his conception being 
extended by the experiments of Brown-Sequard [1889] and numerous 
subsequent workers. 

Biologists have disagreed as to whether the spcnnatogcnic epithelium 
with the Sertoli cells, or the Lcydig cells of the intcrtubular tissue, were 
responsible for the endocrine function. Supporters of the latter theor}’’ 
were Bouin & Ancel [190;}], Steinach [1910], Sand [1933], Lipschutz [1921] 
and others. In fact most physiologists and morphologists now adlicre to 
the theory that the Leydig cells are responsible for the hormone production 
of the testis. A detailed discussion of this subject is to be found in a 
monograph by Sand [1933] and reference may be made to other papers 
by the same author [1919, 1921, 192:}]. 

Study of the Le 3 ^dig cells therefore occupies a very inqjortant position 
in endocrine research on the testis. Our knowledge of the histologj’’ and 
physiology of these cells is, hoAvever, very incomplete, ns is also that of 
the microscopic anatomy of the testicidar blood-vessels and nerves. The 
reason for this ignorance is presumabl}'^ that histologists have for genera- 
tions been fascinated by the tremendous pi’oblems of spermatogenesis. 
Observation of the structures comprising the interstitial framework of the 
gland was chiefly conflned to the Lej'^dig cells ; then to the blood-vessels 
and lymphatics ; and flnallj'^ to the nerves, wliich are mentioned onl}'^ in 
passing even in the larger monographs on the testis. The current descriiJ- 
tion of these nerves can be summed up in three sentences. Onl}'^ a few 
nerves enter the testis. Some are vasomotor and others are sensoiy. 
Their periplieral z’amifications are unknown. 

We have carried out, during the past 10 years, a comprehensive histo- 
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logical and. physiological examination of the testicular material provided 
by sexually abnormal men castrated by authority of the Danish Steriliza- 
tion Acts, 1929 and 1935. 

Obviously, the study of the Leydig cells, as a possible factor in bringing 
about the psycho-sexual disorders, was emphasized in onr histological 
work [Sand & Okkels, 1936a, 6, c, 1938]. A review of this work is outside 
the scope of the present paper. It may suffice to mention that the frequent 
observation of regressive alterations of the tubules — ^both in normal and 
in sexually abnormal cases — and the occurrence of hyperplastic changes 
of the Leydig cells, led us to examine with special care the interstitial 
stroma of the testis. Working systematically with serial sections, we were 
struck by the fact that the testicular nerves are so much larger and more 
numerous than one would expect as judged by the scanty literature on 
the subject. And when we fovmd evidence of a morphological relationship 
between the nerves and the Leydig cells, we naturally paid special atten- 
tion to the interesting problems involved. Preliminary reports of these 
findings have been given on two occasions [Okkels & Sand, 1938, 1939a]. 
Since then our observations have been extended to such a degree, and 
the results have proved so consistent, that we now propose to give a 
more comprehensive statement of our work.^ 

The fact that we have observed a close morphological relationship 
between the Leydig cells and the testicular nerves seems to be of signifi- 
cance. These observations ma}' help to explain several phenomena which 
are linked to the sexual abnormalities, and they maj' also be important in 
the histology and physiology of the normal testis. 

Material and methods 

Our material of about 400 testes can be grouped in equal halves. The 
first group comprises the testes from about one hundred sexuallj’ abnormal 
individuals, these testes being secured by castration. Immediate!}^ after 
the operation the glands were placed in 10% aqueous formol. After the 
preliminary fixation the organs were sliced transverselj' and some of 
the pieces were transferred to Zenker-formol and potassium bichromate ; 
others were impregnated with osmic acid, while others were kept in 
neutralized formol for subsequent silver impregnation. The latter material 
was principall}' utilized for the present study. From the Zenker-fixed 
material were cut sections to be stained with iron haemato.xylin and Masson 

' During the preparation of this report the paper of do Amaral [193S] came to our 
attention; do Amaral has investigated similar phenomena in the ovarj-. Jlention of his 
paper i.s inserted in the last part of the present paper. Ju-st before going to print we n'ceive<l 
the publications of Ilerger [1922, 1932]. «ho‘=e work we had unfortunately overlooke'I, 
rhowing that he ha.s made oh'^rvat ions in the le^ti*; similar to tho'=e which we have reaclexi 
independently, and which we now extend. 
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iriolironie HUx’in. 'J'lic .socond pronji of frf)rn nhoiif 100 au(o]).sics 

were seeurecl a few hours post-nioriein and fixed a.s .stated above. This 
grouj) was regarded as a control group, the subjects being all medically 
healthy persons killed by traffic accidents or suicide. As the relation.ship 
between the nerves and the I^cydig cells has been demonstrated regularly 
in preparations from both groups we shall not make an}' distinction 
between the two categories of our material in the present j)aper. 

Paraffin sections were cut in complete scries and the following staining 
techniques were employed: 

Silver impregnation. Sections 'riie paraffin was remov'cd and the 

sections Averc placed in a 2% solution (freshly prepared each time) of 
‘ProtargoP (Merck) for .'1 days in an incubator at tlo®, rinsed in distilled 
Avatcr and reduced (lil minutes) in a solution of hydroquinonc 2 g., forniol 
5 ml., distilled water 100 ml. (this solution must also be prepared freshly 
each time). After washing in distilled water the sections were pas.scd into 
1% gold chloride for .‘10— to minutes, 'i’hc sections were again washed in 
distilled water before passing into a .solution of acetic acid 100 ml. and 
gl3Terinc 10 ml. for 1 hour. 1’he sections were then rinsed in distilled AA'atcr 
and embedded in paratfin. 

Iro7i iiacmato.vi/lin. In order to check up on the results of the silver 
impregnation, alternate sections of the conqdctc scries were picked out, 
mordanted in '1% ])otassium bichromate solution nJid stained Avith 
Heidenhain’s iron haematoxA-lin. As a rule section numbers 1-2, 4-3, 7-S 
and so forth are stained l^y this method, Avhile numbers 3, 6, 9, &;c., Avere 
saA’^ed for sih^cr imi)rcgnation. Bj' comparing sih^er impregnated sections 
AAdth the neighbouring preparations stained Avith iron haematoxjdin aa’C 
were safeguarded against confusing nerA’^es Avith connectiA’^e tissue. Details 
of hoAV to discriminate betAveen the different types of argyrophile fibrils 
haA^e been published elseAvherc [Okkcls & Sand, 19396]. 

Diagrams of the types of connexion betAveen nei’A’^es and Lej'dig cells 
are given in the text. Microphotographs of sections prepared by the 
above methods are shoAvn in Plates I-III. 

The testicular nerves and their relationship xvith the Leydig cells 

The nerves reach the organ near the mediastinum testis together AAdth 
the arteries. The blood-supplj^ of the gland is derived from tAVO sets of 
arteries. The smaller pursue direct courses through the corpus Highmori 
and enter the connective tissue avIucIi separates the tubuli recti and the 
summits of the glandular lobules. The larger arteries deviate before 
entering the mediastinum testis and merge AAuth the dense collagenous 
strata of the albuginea. Inside this fibrous tunic the arteries run in the 
deep laj^er. From time to time branches of very considerable size are 
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given off into the septula between adjacent bases of the glandular lobuli. 
From such regions interlobular arteries pursue a straight radial course 
until they break up in the branches which supply the intertuhular capillar3'’ 
bed. 

The nerves divide in a similar manner. Only a few slender nerves pass 
directly through the mediastinum testis. The larger and more numerous 
nerves follow the arteries running in the deep layer of the fibrous tunic. 
Like the arteries they tvine round the organ and, similarly, branch off 
into the septula testis. These interlobular nerves are to be found with 
the greatest regularity in the regions situated radially to the corpus High- 
mori (Plate I, Fig. 1 ). It is in these regions that the most conspicuous 
relations between Leydig cells and nerve tissue are observed. 

As stated above, we have been able to demonstrate some of the pecu- 
harities of the testicular nerves by the sj^stematic studj'- of serial sections. 
Much depends on the proper orientation of the plane in which the sections 
are cut. It often happens that entire series must be discarded before a 
sequence of really instructive preparations from a given block is obtained. 
If, however, one tries hard enough it is alwa3"s possible, in testes from 
puberty onwards, to demonstrate the phenomenon of contact between 
nerves and Leydig cells. As our observations grew more numerous certain 
features were noted again and again. It became possible to reconstruct a 
whole range of structural relationships from wliich emerged a few distinct 
t3’pes of contact between tlie nerves and the Le3'dig cells. In short, we 
were able to condense the observations from thousands of sections into 
a few general facts. We feel that the description of our results wiU gain 
in clarit3' if we forthv'itli state our findings in the terms of such generali- 
zation. 

Immediately after tlie larger nervms pass into the deep la3’er of the 
fibrous tunic the3' raa3’ in places touch elongated groups of Le3-dig cells. 
This contact tends to become more pronounced and a certain inter- 
mingling occurs until the peripheral regions of the interlobular .septula 
are reached. Inside these partitions the most intense blending is encoun- 
tered. As the conne.xion is established between nerves and Le3-dig cells 
three stages can be distinguished ; three t3’pes of contact ma3- therefore 
be described which difier topographicalfr as well as structurall3-. The first 
t \’pc (Fig. 2a) is to be found in the region of the hilum or along the nerves 
immcdiatelv after thev liave entered the fibrous tunic. In tliis deep 
vascular lavcr of the albuginea elongated grouj)s of I>cvdig cells are regu- 
larlv pre.'^ent. Thev mav actuallv touch the nerves and in that case they 
arc often found inside the jicrincural Ivmphatic endothelium. It is cssen- 
tiallv a t3'i)c of superficial contact ; as a rule, no blending occurs near the 
corpus Highmori. The second t3'pe (Fig. 2b) is charactcri.--ticallv a blend- 
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ing. Small groiijis, caoli coiisialnig of very few Lcydig rollK, arc found 
cmbocldod in the larger nerves; eross-se.otionH of sneh nerves sliow the 
Lcydig cells scattered like raisins in a bun. 'J'oj)ognij)liicnlly this type is 
most frequently observed near the base of glandular lobuli \v!icrc the 
nerves arc about to bend into the larger septula. Finally, a third type 
of connexion bet ween nerves and Lcydig cells (Fig. 2c) is met. with inside 
the connective tissue of the interlobular partitiojis (see also Plate 1. 



I'iC.. 2. JDiagrninmntic rcprosontniioii of tlio tliroo typrs of rolntionship bctwooti norvos 
and IvOydig colls. At ‘a' are shown elongated groujis of Leydig cells .situated alongside the 
larger norvos running in the deep layers of the albuginea, at ‘ b ’ tho Loydig colls aro dispersed 
insido tho nervo, ami at ‘c’ tho norvo fibres aro interpenetrating intcrtubular masses of 

Loydig colls. 


Fig. 1). As a nerve enters such a region alongside an interlobular arteiy 
of considerable size, it sinks into the loose collagenous tissue of the septu- 
lum. Directlj'^ larger masses of Lej^dig cells are reached, the nerve splits 
up into fascicles which interweave the cell-clusters. In this wajr a very 
intense blending of nerve fibres and Leydig cells is achieved. This is 
really an example of parenchymatous nerve termination. The obvious 
remaining problem is to find out whether a contact exists betAveen neuro- 
fibrils and the elements of the Leydig tissue. 

The idiitnate connexions between nerves and Leydig cells 

We have stated that intertubular masses of Leydig cells may be criss- 
crossed by nerve fibres. The question arises whether these fibres simply 
pass by the cells or whether they form a nervous contact with individual 
cells. We have been able to demonstrate that the latter jjossibilit}^ occurs. 

When a sufficiently large number of preiiarations is examined it is 
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always possible to select sections wbere the entire terminal portion of one 
or more neurofibrils is revealed without interruption. In such cases the 
course of a neurofibril may be followed from the point where it was incor- 
porated in a tiny nerve to the point where it ends by touching a Leydig 
cell. We attach great importance to these observations because they give 




Via. 3. Diagram from testis No. 4270 (soction 10 of compioto series) from sexually abnormal 
subject (not. 37). In a region exactly corresponding to those photographed in Figs. 4-8, 
Plates I-in, a nerve di\'ide3 around a group of loydig colls. One fascicle proceeds into 
the cell cluster and examination of this field under high-power reveals some neurofibrils 
ending in tiny loops on the surface of Leydig colls. 


direct evidence in a field where serious causes of error exist. Not all 
argyrophilo fibrils are neurofibrils. The argyrophile reticulum in which 
the Lc3'dig cells are lodged differs in several respects from neurofibrils. 
Considerable uncertainty would be felt, however, as to the precise nature 
of fragments of silver impregnated fibrils near Le3'dig cells if we had not 
worked with complete scries and if we had not been able to obtain this 
direct evidence of fibrillar3' continuity from nerve bundles to the surface 
of Ix:3’dig cells (Fig. 3 ). 

The impregnated neurofibrils stop at the surface membrane of the 
lx!3’dig cells ; the3- do not penetrate into the cytoplasm. Frequentty the.se 
nerve-endings have the shape of a minute knob or even a hook, and 
sometimes this tin3- end-organ seems to be surrounded In- a homogenous 
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layer of n noii-staiiiable material. 'Pliis cle.Meriplioii covers cliiefly the 
parenchymatous ncuro-collular connexions which we Iiave classified ns 
typo 0 . But it should ho noted that, a similar contact, of ncurofihrils and 
Lcydig cells has been observed in the typo h relationship ns well. 

Wo might add that the blojuling of nerves and Lcydig cells has only 
been observed in the testis after ptiberly. We have studied material from 
the 9-12 and the 12-1 "> ^-ears age-groups, and we have found that unless 
spermatogenesis has commenced, no intimate relationship between nerves 
and Lcydig cells inside the j)arenehyma can be demonstratcfl. In foetuses 
(7-S months old), and in the new-born, hilum cells have been found once 
or twice; their relationship with the nerves from the plexus dcfcrcntialis 
is definitely of a para- or pcri-ncural type. 

Discussion 

U]i to the ]n‘cscnt the testicular nerves have been regarded as either 
vasomotor or sensory. Our ob.scrvations show that the larger norA’CS, 
until they reach the parenchyma of the gland, pursue a peri-arterial 
course. It is, therefore, highly jwobable that vasomotor fibres arc given 
off into the arterial wall. The.se va.somotor fibres, however, cannot be 
very consincuous or numerous since we have not yet been able to follow 
their course histologically and they must be less in number than the fibres 
entering the intertubular masses of Lcydig cells. We have not so far paid 
any attention to the question of the sensory nerves, but thc^’^ must bo 
relatively' numerous considering the high sensitivity' of the testis as an 
organ. 

We have, however, demonsti'ated the intimate connexion between 
fibrils of the peri-arterial nerves and the intcrtubular groups of Lcy'dig 
cells. We have further demonstrated that there may' bo three ty'pes of 
connexion and that the smallest fibrils jmssess small end-organs which 
actually touch the cells. We believe that these nerves must have some 
functional significance and suggest that their function may' be secretory'. 
This would be in line with recent evidence suggesting that a special area 
of the hyi3othalamus is intimately concerned with the whole complex of 
the sexual processes. The conception that the testicular nerves take part 
in such a neuro-humoral mechanism naturally' suggests itself. 

In this connexion we may mention recent work on the peculiar cells of 
the ovarian hilum. These cells may also enter into close relationship with 
the ovarian nerves and even present an intraneural distribution. We have 
already referred to the paper by' do Amaral [1938], on reading which we were 
at once struck by the obvious analogy' between the ‘sympathico-tropic 
cells of Berger [1922, 1932] situated in the ovarian hilum and the nerve 
connexions we have described in the fibrous coat of the testis. Berger 
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[1922] was the first worker to study these peri- or intra-neural cells of the 
hilum, which had previously been regarded as pheochrome elements be- 
longing to the paraganglionic system. Berger, however, definitely ex- 
cluded them from this system. At the time considerable discussion on 
this point arose between Berger [1932] and de Wmiwater [1924] and their 
respective followers. We, however, agree with do Amaral that such subtle 
distinctions as between the significance to be attached to different shades 
in chromo-, argyro- and sidero-phil staining, which were put forward as 
arguments at the time, have no value from the histochemical point of 
view. The really significant point was that Berger was able to demonstrate 
that similar elements, also situated near the nerves, were to be found in 
the testes. He believes that the hilum cells originate from the Schwann 
syncytium and that they possess a ‘neurocrine’ function in Masson’s 
sense of the word. Berger’s observations have been, in the main, con- 
firmed by Brannan [1927], Kohn [1928] & do Amaral [1938], though it 
should be mentioned that the last author was unable to demonstrate 
neurofibrils either in or around these cells. Although the latter author was 
chiefly concerned with the sympathicotropic or Berger cells of the ovarian 
hilum, he advanced the hjrpothesis that these cells are homologous ■with 
the interstitial cells of the testis and are ‘the morphological substratum 
of the secretion of masculinizing hormones in women’ 

In our preliminary report [Sand & Okkels, 1938] on the intraneural 
Leydig cells we were uncertain as to the exact nature of the peculiar large 
neurotropic cells which we had observed inside the mediastinum testis. 
Continued work on this subject and the examination in serial section of 
the large quantity of material at our disposal has enabled us to generalize 
the problem. We believe that the elements which, outside the testicular 
parcnch 3 nna, are found beside or inside the nerves, are of the same nature 
as the massively grouped intertubular elements among which the terminal 
nerve fibres can be demonstrated ; they are all morphologicall 3 ’^ and his- 
tochemicallj' Lej'dig cells. Whether the functional significance of this 
intimate relationship between nerves and I.ej’dig cells is of a secretory 
nature or wliether a special phenomenon such as the ‘neurocrinie’ postu- 
lated by Masson is involved cannot be determined at present. The 
]iossibility exists of a biological mechanism b 3 ' which the neurotropic 
Lc 3 'dig cells ma 3 ' influence the testicular ner\'es b 3 ' means of a special 
secretion. Tlic nerves could thus tran.smit centripetal stimuli which might 
explain tlie p.s 3 'cho-sexual phenomena associated with the influence of the 
sex hormones on the central nervous s 3 '.stem. 
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SlfMMAUY 

1. The nerves of the luinuin testis are far more nnmerous than lins 
hitherto been assumed. 

2. A great, number of these nerves make (■f)ntact with Lejalig cells. 
Near the Iiilum these cells may occupy a perineural situation. In the 
dcoj)or layoi's of the tunioa albuginea intraneural Leydig cells may be 
found. Inside the parcnch 3 ’ma nerv'e fibres nui}" interpenetrate groups of 
Leydig colls. 

:}. Neurofibrils way end by touching indixddual Lcj'dig cells. 

4. The intimate relationship between nerves and Leydig cells seems to 
be established at i)uberty. 
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3.7. Section No. 13 of the Boriea. The finer ramifications of the nerve are here lost among the Leydig cells. 
Heidenhain’s iron haomatoxylin stain. X 510. 
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SEXUAL DEVELOPMENT OF FOWLS DERIVED 
FROM EGGS TREATED WITH OESTRADIOL 

BENZOATE 

By J. H. GAARENSTEOOM 

From the Pharmaco-therapeutic Laboratory, University of Amsterdam, Holland 

{Received 4 December 1939) 

If hens’ eggs are treated during the first week of incubation with oestrogen, 
the male chicks may show signs of feminization [Willier, Gallagher & 
Koch, 1935, 1937; Dantchakoff, 1938; Wolff & Ginglinger, 1935 a, b; 
Ludwig & von Ries, 1936, 1937], An ovary or ovotestis is found in place 
of the left testis, the right gonad remains more or less rudimentary, while 
the Mullerian ducts show none of the usual atrophy. The question arises 
how these hormonally produced sex organs develop during post-natal 
life. Dantchakoff [1938] allowed a few of these feminized chicks to grow 
up and found a gradual regression towards the male, both in the gonads 
and the secondary characters. Ludwig & von Ries, however, observed no 
such regression. 

In the present series of experiments 159 chicks derived from eggs 
treated with oestradiol benzoate were killed at varying times after hatch- 
ing to give more detailed iifformation about this question. 

Materials aud jMethods 

Animals and treatment. 477 IVhite Leghorn eggs were placed in an 
incubator and 400 of them were each injected with 300 pg. (3,000 I.B.U.) 
of oestradiol benzoate in OT ml. oil on the second day. The remaining 
77 eggs were left untreated to serve as controls. 159 of the treated eggs 
hatched and 50 of the controls. 

The chicks, both experimental and control, were separated into three 
groups, one group being killed a week after hatching, tlie second group 
two months after hatching and the third group after nine months. 

Tliere was considerable spontaneous mortality during the experimental 
period in spite of precautions taken to prevent the outbreak of infection. 
It is possible that the treatment of the eggs caused a general weakness 
favouring the occurrence of disease, though the mortality did not particu- 
larly alTcct the feminized male chicks. The control birds also showed a 
high death-rate, though this may have been due to the fact that they 
"ore not segregated from the experimental animals and m.ay have been 
infected from the latter. Those chicks which died during the week pre- 
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ceding any of llic aiUopsy days were included in t he corresponding groups. 
Data a 10 not incinded from tiiose animals dying in tlic intermediate 
periods since no additional information was derived from them. 

Exawijicttinii at aiitopsi/ 

Macroscopic aspect of the (/onails. In new-born ehieks it is j)ossibIe 
appro.vimatcly to determine those.v hy mneroseopic e.xamination of the 
gonads. 'Phe right gonad is only rudimentary in tlie female, while in the 
male it is the same size as the left one. Interse.x chicks therefore have 
right gonads 2r» -tlti'^,', of the size of the left gonads. 

j\ficroscopic aspect of the (jonads. The histological c.vamination of the 
gonads was chiefly carried out on the left gonad since this is j)rosent in 
both sexes and the jirosoncc of both ovarian and testicular tissue in tliis 
gland would be conclusive pi'oof of intersexuality. 

Other sex characters. '.Plie birds were also examined for the development 
of the I\Inllcrian duels, W'olllian dmds and secondary sexual characters 
such as the combs, wattles and feathering. 

The results arc summarized in Table I. 

ExiMCUlMKNT.M. 

Group I {killed one week after hatching) 

I’his grou]) consisted of 42 treated animals and 13 controls. The results 
are not presented in detail since they do not differ from those previousl}’’ 
rcpoi'ted. 

Macroscopic aspect of the gonads. A definite sex reversal was observed 
since, of the treated birds, 33 wci’e female, 8 were intersex and only 1 was 
male. The somewhat abnormal sex relation found in the 13 control birds 
(9 females to 4 males) ma}’- be regarded as occurring by chance. 

Histological examination of the gonads. The embryonic gonad consists 
of a cortex and a medulla. The cortex contains groups of cells wliich, 
after hatching, develop into follicles. The medulla graduallj’- atrophies. 
The testis originates in a tissue corresi^onding to the ovarian medulla. 

The left gonads of the female and intersex chicks derived from the 
treated eggs consisted entirely of ovarian tissue, demonstrating the p)otent 
feminizing action of oestradiol benzoate. The right gonads of the intersex 
birds were composed of poorly developed testicular tissue. In the single 
treated male bird two normal testes were present. 

Devclojiment of the Mnllerian duct. A left Mullerian duct was present in 
all the treated chicks Avith the exception of the single male animal. TJiis 
proves that oestradiol benzoate directlj’’ or indirectly arrests the phj^sio- 
logical atroi)hj^ of the organ in genetic males. 

The right Mullerian duct, which at birth is normall}’’ absent in the male 
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a^nd. only a few mm. in length in the female (as confirmed without excep- 
tion in the control birds), was found to he stfil existent in 41-42 cases. 
The length of the right duct in 25 chicks was greater than in the normal 
untreated female, the lengths of the right and left ducts being, in some 
cases, equal. Practically aU the ducts were wholly or partially swollen, 
containing a clear fluid in the lumen. 

Development of the Wolffian ducts. No abnormahties were observed. 

Table I 


Histological examination of left gonads 
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1 male 

0 

1 

1 

— 

— 

Group I 

42 (4)t 

33 female 

33 

27 

— 

— 

27 



8 intersex 

8 

5 

— 

— 

5 



0 male 

— 



— 

— 

— 

Group II 

41(19) 

19 female 

19 

18 

— 

— 

18 



22 intersex 

21 

19 

14 

5 

— 



17 male 

12 

16 

14 

2 

— 

Group III 

27 (0) 

10 female 

10 

5 

— 

— 

5 



0 intersox 

— 

— 

— 

— 

— 

Control birds 










4 male 

0 

3 

3 

— 

— 

Group I 

14 (1) 

9 female 

9 

C 

— 

— 

C 



0 intersex 

— 

— 

— 

— 

— 



8 male 

0 

7 

7 

_ 

_ 

Group II 

10(G) 

8 female 

8 

7 

— 

— 

7 



0 intersex 

— 

— 

— 

— 

— 



— male 


_ 

_ 



Group in 

0(— ) 

— female 

— 

— 

— 







— intersex 



— 

— 






• determined by mnero^copic examination. 

t tbo nnmljcrs in parentheses represent the birds which died during the week preceding 
tlio day of autopsy and which were includerl in the corresponding group. 


Group 11 (killed two months after hatching) 

This group consisted of 41 treated birds and IG untreated birds. 
Macroscojiic aspect of the gonads. The sex of these birds was determined 
by the already described macroscopic method. Tlic treated animals proved 
to consist of in females and 22 intcr.sexcs. In two montlis. therefore, con- 
ditions had eliangcd importantly, the percentage of females having 
dropjted to about normal and the number of intersexes showiiu: .-i com- 
mensurate increase. Evidently the .surplus of females present at hatching 

K 
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\Mis iiHilntc'd into intorsoxos. J Ik* left- goniids of tlic iiitcrscxcs in apj)car- 
nnee rc.s(’inl)lcd ova?ics, alMiongii invariably stnallor, Joss flattened and 
not s!\o\vin^ the fl\anu'lcris{i<* lobnialcd structure. The right gonads 
ratlier din'ered in si/.e, in a few case.s linving attained tlie size and tlie 
aspect, of coini)Ielc]y deve]oi)ed te.sto.s. Signs of a partial return to the 
male .sex therefore are not limited to the left gonad but also manifest 
themselve.s in the right gonad. 

U istnhnjicn] f.rdiii'nintion nf thf ffonfitl.';. 'I'lie treated chicken.s macro- 
.scoJ)iea]I^' denoted as females all possessed an oviiry on the left .side, but 
the left gonads of the maeros(;opie ijilcrsexcs were found to contain testis 
(issue in all eases, although (he la(ter tissue, so far as the number of 
tubules pel' unit surface is concerned, showed appreciablv poorer dcveloj)- 
ment than in (he control ehiokens. In o of the H) left gonads of the 
interse.x chicks examined, beside the testis tissue, one or more well-de- 
velojied ovarian follicles were found, situated at tlie jieri/ihcry of the organ. 
'J'hese gonads therefore ju'oved to be ovotestes (sec Plate I, Pig. J). The 
number of follicles found in the ovote.stcs was in no case considerable, 
being 0 in (he largest I ra ns vcr.so .section ; a cross-section of a normal ovary 
shows a much greater number of follicles. Some of the left gonads revealed 
remnants of cortex, such ns arc found in the ovary of the newly born chick. 

The right gonads of the intensex chicks all consisted of testis tissue, 
which, however, as in the case of the left gonad, showed less complete 
development than the ic.stcs of the controls. 

Since about 75% of the chickens macroscopicall^’’ denoted as females 
possessed gonads containing only testis tissue, they jiroved to be males. 
The method for determining the sex by macroscopic examination of the 
gonads is thcrefoi'c not reliable udien applied to tu o-months-old chickens. 

Development of Mullerian ducts {oviducts). The abnormalities of the 
IMulIerian ducts jircscnt at hatching (swelling, abnormal length of the 
right duct, i.'i.'.c.) were no longer found in the treated female chickens, 
whereas for the inter.scx birds the}' had, on the contrary, increased. In 
the females the right Itlullcrian duct, except in two cases, had disappeared. 
This disaj)pcarancc is a physiological process, which was evidently re- 
tarded by the administration of oestradiol benzoate to the embr 3 ^os. Tlie 
intersex birds in most cases still possessed two well-develojjed Mullerian 
ducts, the right one being in jnanj^ cases of abnorjnal length. Both ducts 
in most cases were enormously swollen, the circumference being often 
considerablj' greater than that of the cloaca; badl^^ swollen parts alter- 
nated with entirely normal parts. In some places the cj^stic vesicles thus 
formed had grown together -with the surrounding oi'gans (see Plate I, 
Fig. 2). The wall of the ducts Avas thin and transparent; histologically it 
did not show anything noteworthy, though giving the impression of being 
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considerably stretched. In some instances the lumen of the duct was 
filled wholly or partially ndth a massive yellow-white substance. This 
substance was found histologically to consist entirety of leucocjdes. 

Development of Wolffian ducts {ducti deferentes). Unfortrmatety the con- 
dition of the Wolffian ducts of the birds of this group was not investi- 
gated in detail. The general impression, however, was that no important 
abnormality Avas present. 

Group III {hilled nine months after hatching) 

From the second month omvard, an indication of the sexual develop- 
ment of the chicks could he obtained by inspecting the external sexual 
characters (comb, feathering, &c.). An inspection of the birds when they 
were four months old revealed the follorving facts; 

Of the 42 birds still ahve at that time, 15 were like entirety normal 
females. 25 others showed the male secondarj" characters, the comb, 
liowever, in every instance being smaller than the comb of the 3 control 
males. The feathering of the treated males was midway betrveen the 
male and the female type. This need not indicate the presence of inter- 
sexuaUty, since the immature t3T)e of feathering is identical AAith the 
female one and therefore a transitory period exists, during AA’hich both 
male and female feathers are found. The feathering of the control males 
was much closer to the male type, so that the mixed feathering of the 
treated males indicated that either sexual underdevelopment or inter- 
sexuality was present. In 2 treated animals sex could not be established 
by external examination. 

On the last day of autopsy 27 birds were still ahve; 10 of them were 
regarded as normal females and 17 as normal males except for a somewhat 
small comb. The feathering in no case showed appreciable abnormahties. 
Autopsy revealed the following facts: 

Macroscopic aspect of the gonads. From the appearance of the gonads 
it was easy to establish whether the organ concerned Avas a testis or an 
ovary. Sex relation, determined in this AA-ay, fully corresponded Arith the 
relation established by external inspection. The left testis in some in- 
stances shoAved a slightty lobulatcd structure, suggesting the lobulated 
structure of the immature OA’arj'. The testis appeared smaller than normal, 
a true appreciation, hoAvcA'cr, being difficult, since in male foAvls the .size 
of the testis A-aries considcrabh'. In 4 cases the right testis Avas considcr- 
abty smaller than the left one, being similar to the rudimentarv left gonad 
in females. 

Histological examination of the gonads. The ovaries shoAved no abnor- 
mality. The organs inacroscopically denoted ns teste.s contained. Avithout 
exception, testicular tis.sue. Though comparison Avith the testes of control 
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birds wns nol jjossiblc, since the liiUcr lind nil died, the size of the tubules 
in most testes ni){)cnred to be norinnl. Many tubules contained sperma- 
tozoa. Three animals po.sse.ssed testes which without doubt showed poor 
development, the diameter of the tubules being mucli smaller and no 
spermatozoa being present. At the periphery of the left gonad in 2 
males, beside the (in these cases well-developed) testicular tissue, a small 
number of ovarian follicles was found. Even nine months after the treat- 
ment, therefore, this important sign showing the effect of ocstradiol ben- 
zoate was still jircsent. 

Dcvchjmxcni of Mullerian duels (oviducts). 'J^Jic oviducts of the females 
appeared entirely normal, some of them containing eggs. Twelve of the 
17 males still posse.sscd I^lullcrian ducts, in most instances on both sides. 
These organs showed the .same abnormalities as the jVIulIorian ducts of 
the intersex birds of group II. They were enormously swollen, contained 
fluid and in several eases were transformed into large purulent masses. 
TJic relation between the size of the bird and the size of the ducte was 
about the same as in the two-months-old chicken, so the duct had grown 
considerabl 3 ^ No resemblance existed between the well-shaped oviducts 
of the females and the degenerative products in the males. 

Development of Wolffian duels (dncii deferen(es). The ducti deferentes in 
manj’’ cases showed under-development, they were thinner than normal ; 
the spiral structure in some instances was not present and sometimes the 
duct was hardl)’' visible. 


Discussion 

From these experiments it is obvious that the male embryos, which by 
administration of oestradiol benzoate to the eggs become female or inter- 
sex, show a gradual regression to their genetic (male) sex during post-natal 
life. The main part of this process has already taken place during the 
first two months after hatching. One is inclined to ask why the hormone- 
produced ovar}'-, though bj'- no means showing a visible difference from 
the genetic one, is unable to develop as a normal ovary. The difference 
between the genetic and the hormone-produced female probablj'^ lies in the 
chromosomal picture, or, according to Goldsclnnidt [1931], in the relation 
between the male and female substances, (F) and (M). The formation of 
follicles in the cortex of the fowl ovary usually begins a few days after 
birth. A suitable hypothesis would be that the male chromosomal picture, 
or the male relation F/M, is not in accordance with that prevailing during 
the normal formation of this t 3 ^ical ovaidan tissue. This, however, turned 
out to be unsatisfactory, since in the left gonad of the feminized male a few 
follicles do develop, some of them still existing nine months after hatching. 

Another, and very simple, explanation for the poor development of the 
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hormone-produced ovary would be that this development is arrested by 
the appearance of testis tubules in the medulla. This raises the question 
how testis tubules can originate in an apparently normal ovary, the 
probable explanation being that the normal stimulus for this process (in 
males), which was for a time suppressed by oestradiol benzoate, again 
becomes manifest. 

In previous papers some hypotheses regarding the absence of testicrdar 
tissue in the left gonad of the feminized male embryo were discussed. 
Thus Gaarenstroom [1937, 1938, 1939] claims that a certain action of the 
embryonal h 3 q)ophysis is necessary for the formation of testis tissue, 
hypophyseal activity being suppressed by oestradiol benzoate. Or oestra- 
diol benzoate may be able to prevent the formation of the inductive 
substance by which the testis is originated. Since inductive substances 
(according to Needham [1937]) are, like oestradiol benzoate, steroids, it is 
by no means imlikely that the abundant presence of one substance arrests 
the formation of the other one.^ Dantchakoff [1938] suggests that the 
sufficient migration of primordial sex cells into the medulla of the indif- 
ferent gonad must precede the development of testis tubules and that 
this migration is arrested by oestradiol benzoate. According to these 
hypotheses, the origin of testis tissue is explained either by an activity 
of the hypophysis, by the formation of an inductive substance or by a 
migration of primordial sex cells. The occurrence of such processes should 
tlien be possible after birth. The above-mentioned hypotheses, however, 
are not at present supported by much evidence, so that to anal 3 ’'se the 
consequences of them would be of little value. 

The question ma^^ arise, if bj' repeated administration of oestradiol 
benzoate during embrjmnal and post-natal life the maintenance of the 
hormone-produced ovarj' would be facilitated. We tried the repeated 
administration to a group of 25 eggs ; the damage done bj”^ the treatment, 
however, caused the death of all the embrj'os. Dantchakoff [1938] treated 
a few chickens, considered as hormonal females, after birth with oestro- 
gens, but in spite of the treatment the birds changed into males. 

Another effect to which attention is drawn is the peculiar development 
of the JIullerian duct in the genetic males. When, instead of a left testis, 
an ovar 3 ' is originated, the abnormal maintenance of the IMullerian ducts 
is not surprising. When, however, the ovar 3 ' is transformed into a testis, 
one would expect the atropfn' of the 3IuHerian ducts to occur. Instead, 
an enormous swelling of the ducts takes place. Some unknown factor 
evidently causes a strong secretor 3 ' activit 3 - of the epithelium of the duct. 

The jircsenee in some of the nine-montlis-olcl fowls of under-de- 
veloj>ed testes, small eombs and poorh- developed Wolffian ducts indicates 
' I nm irulobtol to Dr. V'rouil for the rup^r'^stion of tliis liypothf-:-. 
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thni losticular dcvclopinont, oven at. t lus ago, is s( iil rotardccl. The dclayec 
format ion of f lie tc.stis i.s evident ly able to disturb for a very long time 
Mie development of this organ. 

SmMMAKV 

As reported by several authors, male ehichens at hatehing show signs 
of feminization if during embryonal life they are treated with oestrogens, 
To study the post-natal development of the se.x organs of these feminized 
males, a number of chielmns, t reated during embryonal life with oestradiol 
benzoate, were killed at various periods after hatehing. Of IHO treated and 
SO non-treated birds, group J was sacriHccd one week after hatching, 
group II two months after hatchitig and group III nine months after 
hatching. 

Grouji I. The treated birds showed signs of a strong feminization. 
The se.x-ratio was moved in the female direction, ovaries and Mullerian 
ducts being present in at least 80% of the chicks. 

Group II. Of the treated birds about 50% were normal females. 
The other 50% possessed gonads, containing in every instance testicular 
tissue, some of them also containing some well-developed ovarian follicles. 
These birds, though apparcntlj’ genetic males, still possessed Mullerian 
ducts. The ducts in most eases were enormously swollen; the Mullerian 
ducts of the females, on the other hand, were entirely normal. 

Group III. The sex-ratio of the treated birds, which at this age can 
easilj’’ be established b^^ external inspection, showed no abnormalitj'. The 
treated males proved to possess normal testes in most cases ; in two testes 
a few small follicles were observed. Mullerian ducts of abnormal character 
were still found in the majority of the males. 

As indicated by these experiments, the feminized males could not main- 
tain their female sex organs during j)ost-natnl life. Tiie hormone-produced 
ovaries were transformed into testes, ovarian remnants being still present 
in only a few cases. The Mullerian ducts of the feminized males, though 
showing abnormal development, did not, however, atroph3\ 
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PLATE I 



Fio. 1. Left gonad of an intereex chicken, eight weeks after 
hatching. Many testicular tubules are present, but one 
well-developed ovarian follicle still remains. 



I' 10 . 2. Enormously swollen Mullerian ducts of an intersex 
chicken, eight weeks after hatching. 




THE METABOLISM OF THE PARENT COMPOUNDS 
OF SOME OF THE SIMPLER SYNTHETIC OESTRO- 
GENIC HYDROCARBONS 

By S. W. STROUD^ 

From the Couriauld Institute of Biochemistry, Middlesex Hospital, London, IF.l. 

{Received 20 December 1939) 

Expeeiments on the recovery of S5mthetic oestrogenic phenols, related 
to stilbene and diphenylethane [Dodds, Golberg, Lawson & Robinson, 
1939], from the urine of female rabbits, have shown that the recoveries 
are very high compared with that of oestrone under the same conditions 
[Stroud 1939]. 4;4'-Dihydroxy-y:8'diphenyl-n-hexane [Campbell, Dodds 
& Lawson, 1938] gave a recovery of 21-3%, 4;4''-dihydroxy-a:j3-diethyl- 
stilbene and 4;4'-dihydroxy-y:S-diphenyl-;6:S-hexadiene [Dodds et al. 
1939], recoveries of 25-2% and 7*2% respectively, compared with 1'5% 
found for oestrone under the same conditions. Erom these figures it is 
apparent that the synthetic oestrogenic phenols are considerably more 
stable in the body than oestrone and that their metabohc paths differ 
widely from that of the naturally occurring hormone. 

In studying the metabolism of these compounds it was considered of 
importance to include the oestrogenic hydrocarbons and also other hj'dro- 
carbons which, whilst themselves having no oestrogenic activity, have 
corresponding phenolic compounds shoudng oestrogenic activity. For the 
purpose of the experiment diphenjd ether is included in the hydrocarbon 
series. Table I shows the compounds used in the experiments with their 
corresponding mono- and di-hydroxy compounds, together with their 
oestrogenic activities. The unit of oestrogenic activity adopted is the 
smallest weight of the compound which will produce fuU oestrous response 
when injected into ovariectomized rats, and when a substance is stated 
to be inactive it infers that no oestrous response was obtained with an 
injection of 100 mg. 


Methods 

In each experiment 3 grammes of the compound under consideration 
were di.ssolved in 80 ml. sesame oil and two mature non-prcgnanl female 
rabbits were each injected with 2 ml. of this solution daily for a period 
of 20 days, the urine being collected over this jicriod and also for a further 
7 days after the last injection. Before the commencement of the injections 

' WerkinR on n prnnt from tlio ModirnI Hc-onrrh Counnl. 
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of the compound, control unne was collected from the rabbits which had 
received a daily injection of 2 ml. sesame oil. The urine was stored in a 
refrigerator as soon as possible after being passed, toluene being added 
as a preservative. 

The urine was extracted vdth benzene in a continuous extractor for 20 
hours. This extract containing the material extractable before hj’-drolysis 
was termed the ‘free’ extract. The extracted urine was then acidified 
mth concentrated hydrochloric acid (50 ml. acid per litre of urine) boiled 
under reflux for 2 hours, and again extracted with benzene for 20 hours 
to give the ‘combined’ extract. 

Each benzene extract, ‘free’ and ‘combined’, was evaporated to a con- 
venient volume (approximately 700 ml.), extracted 3 times vdth 75 ml. 
portions of saturated sodium bicarbonate solution to remove acids, 5 times 
with 100 ml. portions of 2N sodium hydroxide solution to remove phenols, 
and finally washed twice with 50 ml. portions of water, the water washings 
being added to the sodium hydroxide washings. The benzene solution 
was then evaporated to dryness to give the neutral fraction of the extract. 
The sodium bicarbonate washings were acidified to litmus with hydro- 
chloric acid and extracted twice with 75 ml. portions of ether. The ether 
solution was washed twice with water, dried over anhydrous sodium 
sulphate and evaporated to drjmess to give the acid fraction of the 
extract. The sodium hj’droxide washings were acidified to litmus vith 
hydrochloric acid and extracted with ether as before. The ether solution 
was washed twice with 50 ml. portions of water, dried over sodium sulphate 
and evaporated to dryness, to give the phenolic fraction. 

Where biological assay was carried out on the phenolic fractions, the 
fraction was dissolved in acetone and made up to a definite volume. Ali- 
quot portions of this solution were pipetted into test-tubes and .sufficient 
acetone was added to make the volume up to 0-5 ml., 17-5 ml. sesame oil 
were then added and the whole well shaken. For each test 5 ovariecto- 
mized female rats were used, each rat being injected twice dailv with 
0-5 ml. of tlie oil solution for 3 daj-s, vaginal smears being taken on the 
3rd, 4th and .5th days. The unit adopted was the lowest dose that would 
give 100% oestrous rc.sponse under these conditions. 

REsn.Ts 

Diphcuijl. 

Weight of j)henolic fraction obtained from the ‘free’ extract = 1-lGG g. 
eight of ]ihenolie fraction obtained from the ‘eombined’ extract 

r= g. 

Tlte jihcnolic fraction of the ‘free’ extract was dissolved in acetone 
and i>oiired into water to j)reeipitate tlic phenol. Tlie phenol was filtered 
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off, 58*1 nig. ofcry.sials, ni.p. ](>2°C., bcingobtnincd. Aflorrccry-stallization 
from benzene tluwc inelfcd ni Jfi.'J-rC, and did not doprc.-i.s tfic melting- 
point of -l-liydroxydipbenyl (in.p. 104° C.). 

The pJicnolic fraction of Hie ‘combined ’ c.vtract ivas- treated in tlic same 
way ns above, 100 mg. of 4'liydro.\ydipIicnyI being obtained. 

No dijiiicn}'! was recovered from the urine. 

X)iplic))iil ether. 

Weight of jibcnolic fraction obtaincfl from the ‘free’ e.vtract = l-.S45g. 
Weight of plicnolic fraction obtained from the ‘combined’ extract 

= 0-4 07 g. 

The plicnolic fraction of the ‘free’ c.xtraet wa.s e.vtracted five times with 
boiling water, the solution being filtered hot. On cooling, 020 mg. of 
crystals, ni.ji. 82-8° C., were obl^xincd. After rccrystallization from petro- 
leum ether these melted at 84° C. and did not depress the melting-point 
of 4-hydro.\ydiphenyl ether (m.j). 84° C.). 

The ])henolic fraction of the ‘combined’ extract ivas treated in the 
same way ns above, 47 mg. of 4 -hydroxy diphenyl ether being obtained. 
No di])hcnyl ether ivas recovered from the urine. 

Diph cnyhn cthan c . 

Weight of phenolic fraction obtained from the ‘free’ extract = 0-904 g. 
Weight of phenolic fraction obtained from the ‘combined’ extract 

= 0-518 g. 

I’lie phenolic fraction of the ‘free’ extract was extracted five times with 
boiling water, the solution being filtered hot. On cooling, 394 mg. of 
ciystals, m.^i. 82° C., were obtained. On recr 3 'stallization from petroleum 
ether these crystals melted at 84° C. and did not depress the melting-point 
of 4-hydroxydii5henyJmethane (m.p. 84° C.). 

The phenolic fraction of the ‘combined’ exti-act was treated as above, 
48 mg. of 4-hydroxj'diphenylmethanc being obtained. 

No diphenjdmethane was recovered from the urine. 

Stilbene. 

Weight of phenolic fraction obtained from the ‘free’ extract = 0-579 g. 
Weight of phenolic fraction obtained from the ‘combined’ extract 

= 0-542 g. 

The phenolic fraction of the ‘free’ extract ivas dissolved in a little hot 
glacial acetic acid and allowed to cool. 42 mg. of crystals, m.p. 274° C., 
were obtained. On further concentration the acetic acid solution yielded 
a further 12 mg. After recrystaUization from acetic acid these cr 3 '^stals 
melted at 278° C. and did not depress the melting-point of 4:4'-dilydroxy- 
stilbene (m.p. 280° C.). 



METABOLISM OE OESTROGENIC HYDROCARBONS 59 

The phenolic fraction of the combined extract was treated in the same 
way as above, 33 mg. of 4:4'-dihydroxystilbene being obtained. 

Weight of acid fraction obtained from the ‘ combined ’ extract = 4-082 g. 
Weight of acid fraction obtained from the control ‘combined’ extract 

= 2-413 g. 

The acid fraction of the ‘combined’ extract was extracted five times 
with petroleum ether, the resulting solution then evaporated to dryness. 
This dry extract was dissolved in boiling water, the solution filtered and 
allowed to cool. 2-551 g. of a crystalline acid, m.p. 117'’ C., were obtained. 
After recrystallization from benzene the crystals melted at 120° C. and 
did not depress the melting-point of benzoic acid (120-1° C.). 

The acid fraction from the control ‘combined’ extract was treated as 
above, 1-161 g. of benzoic acid being obtained. 

Thus 1-39 g. benzoic acid can be directly attributed to the stilbene 
injected. 

No stilbene was recovered from the urine. 

DipJienyl-hexadiene. 

Weight of phenolic fraction of the ‘free’ extract = 0-457 g. 

Weight of phenohc fraction of the ‘combined’ extract = 0-439 g. 

From these fractions no crystalline phenols were isolated. Tlie fractions 
were dissolved in acetone and aliquot portions of the solution were dis- 
solved in sesame oil and injected into ovariectomized rats. Tlie phenolic 
fractions from the control urine were dealt with in the same waj\ From 
the biological assay it was seen that the phenolic fractions of the ‘com- 
bined’ extracts made from the experimental and control urines had 
approximately the same oestrogenic activity, but the phenolic fraction 
from tlie ‘free’ extract contained approximately 20 R.U. of oestrogenic 
activity more than the corresponding control fraction. 

Weight of neutral fraction of free extract = 0-776 g. 

This fraction was dissolved in a small amount of ether and the insoluble 
matter filtered off, washed with ether and dried. Yield 21 mg., m.p. 
1 78° C. After recr 3 'stallization from acetone these crj-stals melted at 1 84° C. 
A7whjsis (Wcilor and Strauss). 

Found C = 80-14% H = C-C4% M.tV. = 297 

roquiros C 81-2% H = C-80% M.W. = 2GG 

c„n,.o, 

requires C t.-. 79-9% H = C-72% M.tV. = 240 

Owing to the small amount of material available these cry.stals have not 
yet been identified. 

No diphcnyl-hcxadienc w.as recovered from the urine. 



Table II. Swnmarized results 
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Discussion 

The first point of interest arising from these experiments is the faet 
that in no case was any trace of the original compound recovered from 
the urine. 

From Table II it can be seen that in every case the injected compound 
has given rise to a phenolic metabohc product. Although no phenol was 
isolated in the pure state from the urine of the rabbits receiving diphenyl- 
hexadiene, the fact that the phenolic fraction of the ‘free’ extract shows 
greater oestrogenic activity than the control urine demonstrates the 
presence of an oestrogenic phenol, probably 4;4'-dihydroxy-y:8-diphenyl 
hexadiene, in minute quantities. 

The yields of the phenols obtained give rise to many interesting con- 
siderations. From Table II it appears that the yields of phenols obtained 
vary inversely as to the oestrogenic activity of the parent compound 
injected and also inversely as to the oestrogenic activity of the phenol 
produced. Diphenyl and diphenylmethane, which are both inactive in a 
dose of 100 mg., give rise to 4-hydroxydiphenyl and 4-hydroxydiphenyl- 
methane, both of which are inactive in a dose of 100 mg., in good yields. 
Diphenyl ether, which is also inactive in a dose of 100 mg., gives rise to 
4-hydroxydiphenyl ether, which is active in a dose of 100 mg., also in a 
good yield. In this substance we have the case of an inactive parent 
compound being converted in the body to an active phenol. vStilbene, 
which is active in a dose of 25 mg., is converted in the body to 4:4'- 
dihydroxystilbene, the oestrogenic activity of wliich is five times as great 
as that of stilbene, being active in a dose of 5 mg., in a small 3'ield. 
Diphenyl-hexadiene, active in a dose of 10 mg., is probably converted to 
the extremely active 4:4'-dili3"droxy-y:8-diphenyl-j3:8-hexadiene, which is 
active in a dose of 0-4 fig., but in this case the jield is minute. It is of 
interest to note that, of the compounds used in the experiment, stilbene 
was the onl}' one to give rise to n diphenolic metabohc product. 

Particular attention was paid to the acid fractions of the combined 
extracts in the experiments, but onlj' in the case of stilbene could excess 
of benzoic acid above that found in the corresponding fraction of the 
control urine be found. 1-39 g. of benzoic acid were found attributable 
to the oxidation of stilbene, this amount representing 34 ’2% of the 
injected stilbene. 

Tlic identitj- of the neutral metabolic j)roduct isolated from the neutral 
fraction of the ‘free’ extract prepared in the diphcnj-l-hexadicne experi- 
ment has not vet been determined owing to the small amount of the 
compound available. 

It i.s to be hoped that further work along these lines will furnish useful 
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information on t lio prohlom of M>o rolat ionsliip bofwcon molecular struc- 
ture and oestrogcmic activity. 


StTMMAUV 

'i'hc metabolism of diphenyl, di|)betiyl ether, dii)licnylmcthane, stilbcnc 
atid 7':S-diplicnyl-^:5-liexndicnc in normal female rabbits has been inves- 
tigated. 

From the urine of the rabbits receiving these substances none of the 
original substance injected was rceovercfl. 

All the compounds used gave ri.se to phenolic metabolic jiroducts. 
•}-hydroxydiphenyl was i.solatcd from the urine of rabbits receiving 
dij)honvl in a yield of 2 ;')*.|% of the diphenyl injected ; 't-hydroxydiphcnyl 
ether from the urine of rabbits receiving diphenyl ether, 3 'ield 22-3%; 
‘l-h^’droxydiphonvlmclhane from the nrinc of rabbits receiving diphcind- 
methane, vicld M*7%; -1 ;-f '-dihydroxystilbcne from the urine of rabbits 
rccciying stilbcnc, yield 2‘n% ; from the urine of rabbits receiving y;S-di- 
phciyyl-jS-.S-hcxadicnc 20 rat units of a highl}' active oestrogenic phenol, 
probabl}' 4 : 4 '-dih 3 'drox 3 '-y: 5 -diphcnyl-^:S-hcxadienc were obtained. 

Stilbcnc is converted in the rabbit to benzoic acid, the amount i-solnted 
being equivalent to 34-2% of the stilbcnc injected. 

I wish to thank Professor E. C. Dodds for his kind interest and sug- 
gestions made during the course of this work. I am also grateful to 
Mr. I. A. Hcpjile for performing the injections and to Mr. S. Graves for 
looking after the rabbits and making the urine collections. 
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THE PRODUCTION OF OVULATION IN THE 
RABBIT BY THE INTRAVENOUS INJECTION 
OF SALTS OF COPPER AND CADMIUM 
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The augmentation of the action of various gonadotrophic prepara- 
tions, usually of hypophyseal origin, by the addition of inert substances, 
lias occupied the attention of many investigators. Various substances 
of animal or vegetable origin have been found to increase the potencj^ of 
pituitary extracts, but zinc sulphate [Maxwell, 1934], various salts of 
copper, and, to a lesser extent, of iron [Fevold, Hisaw & Creep, 1936] are 
also effective. Fevold et al. [1936] further reported that salts of manganese, 
aluminium and calcium produced little or no augmentation. For a fuller 
bibliography and discussion of this question Deanesly [1939] may be 
consulted. 

It is generally accepted that the action of zinc salts, and indeed of the 
majority of augmenting substances, is attributable to their decreasing 
the rate of absorption and thereby increasing the effectiveness of the 
active principles. However, Fevold el al. [1936] showed that the action 
of copper salts could not always be of this nature, as, in contradistinction 
to zinc salts, they failed to augment the action of F.S.H. in hj'pophysec- 
tomized rats, but produced ovulation when injected by themselves intra- 
venously into rabbits. It was concluded that the activity of copper salts 
might be diie to a catalytic action on the sjmergism supposed to exist 
between F.S.H. and L.H. Saunders & Cole [1938] confirmed the fact that 
intravenously injected copper salts will cause o^nilation in mature female 
rabbits in doses of 2.5 mg., whereas zinc salts are ineffective in do.ses up 
to 50 mg. 

Further results on the production of ovulation in rabbits by the injection 
of non-specific substances were jmblishcd by Marshall, Verncy & Vogt 
[1939], who showed that the intravenous injection of picrotoxin in do.=cs 
which were lethal in 20% of ca.'^cs, and convulsive in 75%. often c.auscd 
ovulation, or the ajipcarancc of enlarged, cystic, or Iiaeinorrhagic folliclc.s. 
Several other drugs, mo.stly stimulants of the central nervous sy.'tem, 
were ineffective. Tlicir j^revious study of the production of ovulation b\' 
electrical stimulation of the central nervous system [.Mar-liall .t: Venicv, 
1930] led these authors to ])n-;tulatc that j)icrotoxin has a .‘■elective 
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slimuliiiiiig ofTect on the nnfenor lobe of ilio i)i(iiitarv l)ocly, cnnsingifcto 
liberate or i)ro(lii(;ogoniKlol ro|)Iiicmnforial, A aimilar explanat ion may well 
ni)ply to t he action of eopi)er aalbs. It has been a regular observation that 
ovulation produced by pharmaeologieal means tetids to occur much later 
than that following normal coitus or the injection of gonadotrophic ex- 
tracts. 'J’hus, ovulation occurs within 12 hours of mating or injection, 
but has not been observed until between 2-i and -IS hours after the injec- 
tion of coj)j)or .salts or picrotoxin. 

It .seemed likely that ot her metals, ])arf icularly those a.ssociatcd in the 
])eriodic table with copj)er, might al.so be found to possess activity in 
])roducing ovulation. I have therefore examined the action of some of 
these, and attempted further to elucidate the way in which such ovulation 
is produced. 


I^lATicuiArs AXi) IVIktuods 

Adult virgin or })arous does of heavy brced.s were used. They were 
usually isolated for a month or more, and some had been used for ovula- 
tion tests not less than three weeks previously. They were kejjt in a warm 
room. Such rabbits respond regularly to gonadotrophic j)rei)nrations. 

Laparotomy for inspection of the ovaries was carried out under sterile 
conditions either 24 or 48 hours after injection. After an animal had been 
used for three such tests, it was killed, as sensitivity, at any rate to 
gonadotrophic extracts, tends to diminish with repeated use [Hill, Parkes 
& White, 1934]. Haemorrhagic and c 3 'stic follicles have gencrall}’’ been 
ignored, undoubted ovulation points being taken ns the only criterion of 
response. 

All injections were made into an car vein ; the substances were dissolved 
in distilled water and given in a volume of from 0-5 to 5 ml. The anti- 
gonadotrojjhic serum referred to later in the text was prepared b 3 ’’ inject- 
ing female rabbits with 215 mg. per day of a p 3 Tidine extract of acetone- 
desiccated ox pituitar 3 ^ (AP24B), the serum being taken approximately 
2 months after the beginning of injections. Sera of this t 3 ^pe have pre- 
dominantly an antiluteinizing activity, -will inhibit ovulation in the mated 
doe and inhibit implantation and cause abortion if given during pregnancy 
[Parkes & Rowlands, 1936]. They also cause atroph 3 '- of the reproductive 
organs of the male rat, and inhibit ovulation in the pubertal female rat 
[Rowlands, 1937]. 


Results 

Copper salts. 

The finding of the previous workers, that copper salts will cause ovula- 
tion in the oestrous rabbit, was first investigated. 15 mg. of copper acetate 
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were found to stimulate ovulation in 11 out of 15 rabbits, 2 rabbits djdng 
soon after injection (Table I). Of those surviving, therefore, 11 out of 13, 
or about 85%, ovulated, showing between 1 and 11 ovulation points, with 
an average of 4-6 points per rabbit. The ovulation appeared in every waj^ 
normal, and occurred within 24 hours of injection. In one experiment 
the actual time of ovulation was determined b}’^ keeping the two does 
under urethane anaesthesia and examing the ovaries at frequent intervals 
from the 11th hour after injection. The earliest ovulations obsenud 
occurred at 15 hovu-s 50 minutes and 16 hours 40 minutes ; 5 and 3 ruptured 
follicles respectively were present in the two cases at 17 hours 30 minutes 
after injection. There was thus some delaj^ in comparison vith the post- 
coitum latent interval, but it was not so marked as that reported bj^ 
previous workers. 

Copper sulphate and copper alanine were also effective in causing ovu- 
lation. The dose at which these compounds produce a response is not far 
below the lethal dose (cf. Table I), and they do not appear to be as potent, 
in terms of copper content, as the acetate. An attempt to produce ovu- 
lation by feeding the acetate and alanine to two rabbits, in total doses of 

Table I. The, effect of sails of copper and cadmium in causing ovulation in 
oestrcnis rabbits {intravenous injection) 


Substance 

Dose 

Ko. of 
rabbits 

No. 

ovulating 

No. dead 
within 
24 hours 

Copper acetate 

mg. 

5 

1 

0 

0 


10 

1 

1 

0 


15 

15 

11 

2 

Copper sulphate 

10 

1 

0 

0 

(erj-st.) 

30 

o 

1 

1 


•10 

o 

0 

1 


GO 

1 

0 

1 

Copper alanine 

15 

1 

0 

0 


20 

1 

0 

0 


25 

3 

o 

1 


35 

1 

1 

0 


50 

«> 

0 

o 

Cadmium nrctnte 

5 

1 

0 

0 


15 

O 

1* 

1 


20 

1 

0 

1 

Cadmium chloritle 

Ti 

1 

0 

0 


ir. 

o 

o 

a 


20 

1 


0 

• 

tins mbbil oviilntod nltlioiigh propiniit 


• • 

t» ft 

.. r? 

cudo-pregn.ant 



T 
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ajiproxinudcly 100 mp. j^ivou during (ho ooiirso of a flay, nas iinsiioocKsfiil. 
'J'lie com pounds did not [)rovo lethal in (his dosage. 

Cadmium .salts. 

Ovulation also look ])Iaee after (he aflininislralion of endinium chloride 
and acetate. In one ease it> which f)vida(ion occurred, anti in one case in 
which it did not, t he ovaries and Fallopian tuix’s were ahnornml in appear- 
ance, and showed c.vtension haemorrhages. Owing to the use of a few 
animals which had not hecn i.solated for a sutlicient period, two of (he 
rabbits in wbieh ovulation was caused by salts of cadmium were pregnant 
and j)sendo-pregnant respectively, conrlitions in which it is normally more 
ditlicidt to jiroducc ovida(if)n than fluring oestrus. As with copper salts, 
ovulation occurrefl within 2-( lunirs of the injection. 

Salts of other metals. 

Various snlt.s of barium, cobalt, gold, iron, manganese, nickel, silver 
and zinc were found to be incflcctive iji causing ovidation (Table II). 
TJic tests with these sid)staticcs were not c.vtensivc, but as lethal doses 
of many of them were given it .seems improbable that an effective dose- 
level has been ini.ssccl. 7’hc failure with zinc confirms the findings of 
Fevold et al. [lO.'lG] and Saunders & Cole [lO.'fS]. It is clear, as Marshall 
ei al. [in.'in] point out, that ovulation eairsccl by non-sj)eciric substances 
is not the consequence of a general shock to the central nervous .system 
such as might be supposed to occur Avith near-lethal doses of some of the 
heavy metals. Gold, for instance, cau.sed death with convulsions in a dose 
of 20 mg. of the chloride, but did not cause ovulation in a lower dose. 

Further cxiicrhncnts with cojyjwr acetate. 

In an attempt to find out how copper salts cause ovulation, a series of 
rabbits were h 3 qioi)hysectomized as an acute c.\})oriment by partial de- 
cerebration, according to the method of Fee & Parkes [1920]. The opera- 
tion, rapidl}’^ carried out under deej) urethane and other anaesthesia, was 
followed b}'^ an injection of cojqjer acetate. Eight such animals Avere 
prepared, but none surviA^ed as long as 12 hours. The injection of copper 
acetate evidentlj^ reduced considerably'^ the usual surA'iA'al time of such 
preparations. It Avas thus not possible to determine by' this method 
Avhether the ])resence of the animaTs pituitary' gland is necessary' for the 
reaction. It did not seem likely' that rabbits hypophy'sectomized by' a 
more orthodox technique Avould proA'e any' more resistant to the toxic 
effects of copper, since the operation is ahvay's severe and the injection 
must be made immediately afterAA’ards, before atrophic changes begin in 
the OA'ary, 
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A second line of attack was made by the use of the antigonadotrophic 
seram referred to on p. 64. This serum, given in a dose of 10 ml., regularly 
inhibited ovulation after mating, but about 1 ml. was sufficient to mhibit 

Table II. Various metallic salts which did not cause ovulation in oesircnis 
rabbits {intravenous injection). One rabbit was injected at each dose level 


Substance 

Dose 

Period elapsing before laparotomy 


mg. 


Barium chloride 

5 

48 hours 

(cryst.) 

20 

♦ » 


40 

Died within 24 hours 

Cobalt acetate 

10 

24 hours 


20 

»» 

Ferric chloride 

5 

48 hours 

(anhydr.) 

20 

Died shortly after injection 

Gold chloride 

10 

48 hours 


20 

Died in commlsions after injection 


20 

»» »» »» »» 

Manganese chloride 

15 

24 hours 


30 

»» 

Nickel acetate 

5 

48 hours 

(erj-st.) 

20 



40 

» 

Silver acetate 

5 

»» 


10 

ft 


20 

Died shortly after injection 

Silver sulphate 

5 

48 hours 


20 

If 

Silver vitollinnte 

10 

24 hours 


20 


Zinc acetate 

10 

1 ^ 

*. 


!•> 

20 



25 



40 



ovulation after tlie injection of gonadotrophic extract in a dose sufficient 
otherwise to cause 100% response. Tiiis difTcrcncc in amount of antiserum 
required under the two conditions is concordant witli Hill's observation 
[lO.'M] that the rabbit pitiiitary apparently frees a much greater quantitv 
<'f gonadotrophic material immediately after mating than is actuallv 
needed to ca\isc ovulation. 

The scrum was injected intravenously, immediately after the injection 
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of 10 lug. of coiijicr ucctalc. The rcsuKs me shown in Table III, Ovulation 
■was inhibited with as little as ()-2o ml. of .scrum, Imt occurred in one of 
the two rabbits receiving 0-1 ml. The control rabbits listed in Table III 
arc tho.sc which were injected with copi)cr acetate in previous e.xpcriments 
and which survived for 21 hours after injection. It i.s evident from these 
results that t he ovulation produced by copper salts is not a result of direct 
action on the follicles, but must itjvolve the animal’s own gonadotrophic 

Table III. The inhibilory cjfccl of an (inligonndolroplnc scnim on the 
rcspon.se of oc.slroits rabbits to 15 mg. of copper acetate. Both substances 

mere given intravenously 


Amount of spniin 

ml. 

No. of rabbilH 

Xo. ovulnting 

— 

in 

11 

.'i-O 

4 

0 

2-r, 

•> 

0 

1-0 

o 

0 

O-.'-i 

o 

0 

0-25 

<> 

0 

0-1 

o 

1 


secretions. Ncvcrthclc.ss, it is curious that the antiserum should have 
been effective in such small amounts. 

Since the response may be inliibitcd by relativcl}' small amounts of 
antiserum, the amount of gonadotrophin involved must be considerably 
less than that released by the pituitary gland after coitus. This might be 
adduced in favour of the idea that s^mergism occurs between the metallic 
salts and normall}’^ circulating hormones. The haeraorrliagic state of the 
ovaries seen in a few rabbits suggests, further, that a process occurs which 
is not entirely normal. Nevertheless, I incline to the belief that the action 
of the metallic salts is to stimulate the pituitary gland to increased pro- 
duction of the ovulating substance. While the possibility that synergism 
occurs between the injected salts and normally circulating hormones has 
not been ruled out, the known ability of the pituitary gland to secrete 
gonadotrophin under a variety of stimuli provides a more solid basis for 
an explanation of the facts than the postulation of an otherwise undemon- 
strated synergism. 

Summary 

Salts of copper and cadmium will cause ovulation in oestrous rabbits. 
This ovulation may be inhibited by the simultaneous injection of an anti- 
serum produced in rabbits to ox pituitary extract, and is probably due to 
stimulation of the rabbit’s anterior pituitary gland by the metallic salts. 

Salts of barium, cobalt, gold, iron, manganese, nickel, silver and zinc 
did not produce ovulation. 
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I am indebted to Dr. I. W. Rowlands for the preparation of the anti- 
gonadotrophic serum, and to Dr. O. Rosenheim for the preparation of 
copper alanine. 
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THE EXCRETION OF FREE OESTROGEN DURING 

UTERINE BLEEDING 


Uy AT.LAX PAUlIClii 

Fro))i the Endorrinr. Lahnrnlori/ of Ihr Drjmrlmrnt of Ohslclria and 
Oi/iKircohigii, Ihtivcrxil;/ of Califonna JlospiUd 

(licr.cirrd Ji) Jnuuan/ 19 JO) 

Excki’T during ])linsc.s of menst rual ion, when as a rule lit tle or none is 
demonstrable, the urine of normal women of rejiroductivc age almost 
always contains fat-soluble oestrogenic hormone, mostly in a state of 
combination [Palmer, in.‘57, The amount excreted varies, and as 

a rule is equivalent to from -I to .‘10 /ig. of ocstrone ; amounts up to 200 fig. 
may, however, occur during one or two days of the juid-intcrmonstruiim. 
Oestrogen in free form is occasionall}’^ and transientl 3 ’ j)rcscnt, and it can 
be demonstrated onl^' b.v the extraction and assay of both free and com- 
bined hormone in consecutive, cojnplcte, 2-1-hour tirine specimens. As a 
rule it occurs during the menstrual c^'cle onl}' at the time of ovulation 
and during menstrual bleeding — if it can be demonstrated at all. 

While the amount of combined oestrogen graduall}^ and steadily in- 
creases until term, onl}' negligible quantities of free hormone are excreted 
during pregnanc}^ Its presence in the urine of gestation is probably' due 
to unpreventable h 3 '^droUsis (bacterial or enz 3 unic) of part of the large 
amount of combined hormone before the urine is extracted. On the other 
hand, free oestrogen increases considerabl 3 '^ at the onset of either normal 
or premature labour [Cohen, Marrian & Watson, 1935; Marrian, 1936; 
Palmer, 1938]. This increase ma 3 ’^ be related to the uterine bleeding that 
is associated with parturition, and to the increase in free oestrogen which 
occurs at the time of normal menstrual bleeding. The fact that free 
oestrogen Avas also excreted during successive phases of bleeding, in a 
woman suffering from a granulosa cell tumour of the OAmr 3 ’^ [Palmer, 
1939 a], suggested the folloAving clinical study to test whether its occiu'- 
rence is a normal concomitant of uterine bleeding. 

Methods 

Tests for free and combined urinary oestrogen were made on more 
than a hundred specimens, and in particular on successive specimens from 
two women suffering from menorrhagia and C 3 '^stic h 3 'perplasia of the 
endometrium. These two patients (Nos. 1 and 2, Table I) Avere closely 

1 Rockefeller Research Fellow in the Department of Human Anatomy, Oxford. 
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studied. Hormone therapy was withheld during a preliminary period of 
observation, when basal metabolic rates were determined and endo- 
metrial tissue was obtained for histological examination. Endometrium 
was taken from many regions of the uterus, at intervals of not less than 
a week, by the use of a serrated tubular curette to which continuous 


Table I. The excretion of oestrogen in pathological and normal states 



Free 

Combined 


Case 

oestrogen* 

oestrogen* 

Clinical condition 


t^e- 

Pg- 


Case I. ‘Hyperoestrinism’ 

4-8 

8-0 

24th day of bleeding 

80 

120-0 

31st day of bleeding 


4-8 

24-0 

38th day of bleeding 


00 

8-0 

Not bleeding 


00 

12-0 

Not bleeding 

Case 2. ‘Hyperoestrinism’ 

80 

12-0 

1st day of bleeding 

00 

8-0 

8th day of bleeding 


00 

28-0 

Not bleeding 


80 

48-0 

Not bleeding 


00 

15-0 

Not bleeding 


80 

12-0 

33rd day of bleeding 


80 

12-0 

18th day of bleeding 

Granulosa cell tumour 

86-6 

— • 

Bleeding 

Ovarian carcinoma 

230 

00 

Bleeding 

Fibroid uterus 

12C 

0-0 

Bleeding 

Onset of normal menses 

80 

00 

Last premenstrual day 

Pregnancy terminated at 4} months 

14C 

8-0 

Bleeding Ist day p.p. 


22-5 

90 

Bleeding 2nd day p.p. 

Twin pregnancy terminating spon- 

2000 

1000 

Bleeding Ist day p.p. 

taneously at months 

100 0 

200 

Bleeding 2nd day p.p. 


2200 

0-0 

Bleeding 3rd day p.p. 


290 

0 0 

Bleeding 4th <lay p.p. 


• AH vnUios for oestrogenic lionnone nre rnlculolcil as ;ig. oestronc-equivnlent exrrrto^I 
per 24 liours. 


suction was applied. Sections of the biop.sy .sj)ccimens were routinely 
stained with hncmatoxylin and cosin, and examined to determine whether 
or not ovulation had occurred and to c.stimate the extent to which the 
endoinetriuin had rc.spondcd to stimulation hy the ovarian honnonc.s. 
The ])nticnts were studied further by assaying 24-hour urine .s]>eciniens 
for oestrogenic and gonadotroj)hic hormone. The collection of each .sj>eci- 
incn was completed at S a.m. of the day an endometrial .sf)cciinen was 
obtained. Tlic gonadotrojilne hormone extraction was carried out ac- 
coniing to a tungstic acid prccijiitation j)roccdurc dc<cril)ed by I'rccd k 
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Ilcc'htcr [in.'Ui]. 1’lic ooH(rotu>*oqnival(:»t of free niul cotnhined oestrogen 
was estimated nceording to the proeodnre outlined l)y Palmer [lO.'tn 
It sliould 1)0 stated that all extraetious for fi'eo oestrogenic lionnone were 
started withiu’S hours of the eomplelion of the 2‘f-honr speeimen. 

C’uNfCAu Dktaius 

'J’hc more imjiorlant elinieal details of the two elosely studied ])ntieiits 
arc ns follows : 

Polictil AV). 1. Aet. .‘to. During the fiisl -J years of her meuorrlingia this 
patient had been hos])itali7.cd 4 times for therapeutic curettage; an intra- 
uterine exposure to radium (amounting to -lOO iM.C'.II.) was also made. 
Relief Avas only temj)orary after each of these measures. Other forms of 
treatment tried and found to be of lomj)orary benefit onh' Avere intra- 
muscular injections of the patient’s oaa-u blood and the administration of 
chorionic gonadotrophic hormone. Desiccated thyroid and progesterone 
])roduccd no definitely beneficial cflccls. The latter therapy Avas started 
by giA'ing 5 mg. of jAiogesterone cver\' 2 doA’s during an episode of 
bleeding. It Avas stopped after the oth dose because the bleeding became 
more ])rofusc. Endometrial curettage Avith the suction curette seemed 
cficctive in stopping the bleeding AA’ithin tAvo days, and no effect of the 
progesterone AA’as obserA'cd in the specimen of endometrium obtained. 
For the next three months the ])nticnt AA as free from bleeding except for 
tAvo .‘1-day periods at intci'A'als of .‘10 and 52 days rcspectiAmly. Then, 
beginning 21 days later, the patient experienced 35 days of continuous 
bleeding Avliich, folloAving a suction curettage, again stopped. A second 
series of progesterone injections avos giA'cn Avhilc bleeding AA'as absent 
(5 mg. daily until a total of G5 mg. had been giAmn). A specimen of 
endometrium was obtained the day folloAA’ing the last injection of pro- 
gesterone. Bleeding folloAA-ed this procedure and again assumed haemor- 
rhagic proijortions. The biopsy sj)ecimen shoAved definite effects of the 
imogesterone treatment. TJiis imtient had thus receiAmd as much, if not 
more, relief from her symptoms by endometrial curettage as bj’^ hormone 
therapy. 

Patient No. 2. Aet. 17. Tfiis patient, noAA’- IS j'ears old, began menstruat- 
ing Avhen 13, missed a period one year later, and then bled continuously 
for 4 months. Since then she has had irregular prolonged cjmles of bleed- 
ing, the interval betAveen successive phases of bleeding averaging 12 days. 
Sixteen months before entering the clinic she Avas hospitalized for a thera- 
peutic curettage. After the curettage she did not bleed for 40 daj's, the 
longest period of amenorrhoea she had experienced in .31 years. As a 
patient of the clinic she received, on successive occasions, desiccated 
thyroid, chorionic gonadotrophic hormone, and one course of 40 mg. of 
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progesterone administered during 2 Tveeks of a phase of bleeding. An 
attempt to obtain a specimen of endometrium following this period of 
progesterone therapy failed. Thyroid was probably responsible for an 
increase in the basal metabobc rate from —15 to —3. 

No form of hormone therapy used seems to have corrected the patho- 
logical condition of the patient, and endometrial curettage has been the 
most efficient measure for the relief of her symptoms. 

Results 

All specimens of endometrium obtained from both these patients showed 
evidence of h 3 fperoestrogenization. During a period of observation of 
patient No. 1, five 24-hour urine specimens were obtained, 3 during phases 
of bleeding and 2 in the absence of bleeding. Seven 24-hour specimens 
were obtained from patient No. 2, 4 during phases of bleeding and 3 in 
the absence of bleeding. 

Moderate amounts of oestrogenic hormone were readily demonstrable 
in every specimen of urine from these two patients (Table I). Free oestro- 
gen was readily demonstrable, but as a rule only in specimens collected 
during uterine bleeding. In their excretion of oestrogenic hormone these 
two patients therefore differed from normal women onl}’- in the fact that 
oestrogenic hormone was present in the urine in readily demonstrable 
amounts during phases of uterine bleeding. 

Gonadotrophic hormone was not found in any of the specimens. 

In other instances where 24-hour urine specimens were obtained from 
patients during phases of bleeding, the oestrogen present was either partly 
or entirely in its free form (Table I). A single 24-hour specimen from a 
62-ycar-old woman suffering from an ovarian carcinoma, with uterine 
bleeding, was found to contain a moderate amount of free oestrogen. No 
combined oestrogen was present. On the other hand, a moderate amount 
of combined, but no free, oestrogen was found in IG urine specimens 
collected from 5 women with secondary- amenorrlioea. Free oestrogen 
was also not found in more than 100 urine specimens obtained from nor- 
mally menstruating women during the intermenstrual inter\’al. 

Conclusion and Summary 

Both normal and pathological uterine bleeding arc thus associated with 
the presence of free oestrogenic hormone in the urine. For purposes of 
comparison, the uterine bleeding of abortion, labour and menstruation, 
ns well ns other tyi)cs of uterine bleeding, may be considered to be similar 
physiological processes in so far as each is associated with increased 
utcrinc-musclc activity, endometrial shedding, and the excretion of free 
oestrogenic hormone. The relationship between uterine bleeding and tlic 
excretion of free oestrogen apj)cars to have passed unrecognized hitherto. 
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MECHANISM OF ACTION OF A PROGONADO- 
TROPHIC SERUM 

By I. W. EOWLANDS aud P. C. WILLmiS' 

National Inslilvte for Medical Research, London, N.W.3, and Courtauld Institute 
of Biochemistry, Middlesex Hospital Medical School, W.l. 

{Received 24 January 1940) 

The capacity of antisera to certain gonadotrophic extracts to augment 
the response of the ovaries of the immature rat to these extracts is now 
well established. Progonadotrophic sera have been prepared by the ad- 
ministration of rat pituitary glands to rats [Katzman, Wade & Doisy, 
1936, 1937] and by the continued injection of extracts of {a) sheep pituitary’- 
glands into sheep [Collip, 1937 ; Thompson, 1937 ; Rowlands, 1938,] (6) rat 
pituitary glands into rabbit [Sulman & Hochman, 1939], (c) ox pituitary 
glands into dog [Rowlands, 1939] and (d) pig pituitary glands into goat 
[Rowlands, 1938, 1939]. In addition, Simonnet & Michel [1939] have 
reported that antisera to extracts of horse pituitary gland and of the 
urine of ovariectomized women augment, in immature female mice, the 
gonadotrophic action of an extract of pig pituitary gland. 

The mechanism of this augmentatory action is not yet understood. 
Thompson [1937] offered three possible explanations to account for this 
type of augmentation. Two of these, (a) that the serum contained follicle- 
stimulating properties, and (6) that the serum had the effect of delating 
the rate of absorption of the extract thereby giving a more effective 
stimulation, he discarded on experimental grounds. The third explana- 
tion offered was that the augmentatorj’- action of the serum might possibl 3 ’^ 
be the result of the presence of an anti-substance to the pituitary" antago- 
nist [Evans, Korpi, Pcncharz & Simpson, 1936]. 

In a recent paper Rowlands [1939] suggested that the progonadotrophic 
activity exhibited bj' the serum of a goat, which had been injected dail 3 ' 
with an extract of pig pituitar 3 ’ gland, was due to its capacit 3 ' to effect a 
]iartial but selective neutralization of the excessive amount of luteinizing 
Jiormone present in the same extract. It was argued that, in this wav, 
there might be left a residue of gonadotrophic activit 3 ’ containing a more 
effective mixture of follicle-stimulating and luteinizing hormones for 
ovarian stimulation in the immature rat. 

The result.s of further experiments, presented below, throw considerable 
doubt on the validitN’ of all existing interpretations of the progonadotro- 
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phic cficct, since they sIiok Mint the nugmentatory ncljon of the senim 
tested could not he demonstrated in hypophyscctomized test rats. 

MKTjrODS 

Prochicdon of prorjovndotrophic sennn. A goat (Goat 8) was injected 
siihcutaneously once daily for 7 weeks (from 27.0.88-1 8. 8.;{8) witli 100 mg. 
of a gonadotrojihie extract (AP74D) of pig anterior jiituitarj' gland, pre- 
pared by aqueous alkaline extraction of the acctonc-dcaiccated material. 
The 3 'icld of extract was M-2%, so that the goat received dail}’ the equiva- 
lent of about 700 mg. of the dried gland. 7’hc goat M’ns bled under ether 
anaesthesia 48 hours after the last injection. 700 ml. of serum were 
obtained, which were Seitz filtered and stored at 2° C. 

Preparation of dried globulin fraction. About oOO ml. of this scrum were 
diluted with an equal volume of distilled water. A volume of saturated 
ammonium suljihatc equal to that of the diluted scrum was then added 
and the mixture allowed to stand at 4° C. for several liours. TJie pre- 
cipitate (globulin fraction) was separated by filtration, dissolved in saline and 
re-prccipitatcd in half-saturated ammonium sulphate. The re-precipitation 
was repeated a second time, after which the globulin was dissolved and 
dial 3 'scd against physiological saline at 4° C. When free of ammonium 
sulphate the solution was filtered and its concentration determined re- 
fractometrically ; it was then stored in the frozen state. The final volume 
of the solution was approximatel}'^ 220 ml., the globulin concentration 
being 4-Gl%. 

The globulin solution Avas distributed into am 2 )oules containing 5 ml. 
or 10 ml, and dried in high vacuum at -40° C. by the method of GreaA^es 
& Adair [1939]. The globulin fraction was stored in the dry state and for 
injection was dissolved in an amount of distilled water such that 1 ml. 
of the solution was equivalent to 2 ml. of the original serum. 

TJie dried globulin fraction from 100 ml. of normal goat serum Avas 
prepared and used in the same Avay. 

Biological assay. The serum and the globulin fraction AA^ere tested for 
their ability to increase the quantitative response of the ovaries of intact 
or hypophysectomized immature rats to injections of a standard amount 
(25 mg.) of the pig pituitary'' extract AP74D. The method of assay AA^as 
similar to that previously described by RoAA'lands [1939], As before, the 
extract and the serum Avere injected subcutaneousl3'' at different sites 
once daily for 5 days. The animals Avere killed 24 hours after the last 
injection and the ovaries and uterus Avere dissected and Aveiglied after 
fixation in Bouin’s fiuid overnight. The ovaries Avere examined histo- 
logically ; sections Avere cut serially, one in five being mounted and stained 
with haematoxylin and eosin. 
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Results 

Fraciionaiion of progonadoirophic serum. 

The results given in Table I show that the progonadotrophic activity 
of the serum of Goat 8 is present in the globulin fraction. This confirms 
the observations of Thompson [1937] and Katzman et al. [1939], Thomp- 
son, who investigated the sera of a horse and a dog that had been injected 
with sheep pituitary extract, found that the activity occurred in the 
pseudo-globulin fraction, whereas the latter authors showed that the 
augmentatory factor in an iso-specific progonadotrophic serum from sheep 
fractionated with the eu-globulin. 

Table I. Fractionation of progonadotrophic serum {Goat 8). In all tests the 
serum and its fractions were injected simultaneously with a constant amount 
{25 mg.) of pig pituitary extract {AP74D). 1 ml. of globulin solution = 2 ml. 



of serum 

Total amount 

No. of rats 

Average weight 

Serum fraction 

injected 

ml. 

per group 

of ovaries 

mg. 

— 

— 

20 

26 

Whole scrum 

5 

5 

65 

»» »» 

6 

6 

52 

Globulin 

2-5 

5 

67 

Scrum without globulin 

5 

5 

35 

The action of progonadotrophic serum on 

rats. 

intact and hypophysectomized 


In these experiments groups of intact and hj'poph3’sectomized immature 
rats were injected with the standard dose of the extract of pig pituitain,* 
gland (AP74D) together with varying amounts (0-5 ml.-5 ml.) of the 
globulin fraction of the serum of Goat 8. The globulin fraction of normal 
goat scrum was injected onl^' into intact rats. The quantitative response 
obtained in the ovaries of these rats is shown in Table II and in Fig. 1. 

It is seen that 2-5 ml. of the globulin fraction of the progonadotrophic 
serum increased the re.sponse of the ovaries from 2C mg. to C5 mg., that 
is bj’ 39 mg., whereas o ml. increased the response b\' G2 mg. In h\-po- 
ph\'scctomi7.ed rats, however, 2-5 ml. of the globulin solution increased 
the response from 23 mg. onh- to 31 mg., that is In- S mg., an increase 
not significantly- greater than that produced in intact rats bv the globulin 
solution from normal goat scrum. The injection of larger amounts of the 
jirogonndotrojihic globulin jirovcd fatal to hyj)oj)h\-sectomi7.ed rats, but 
it is evident that the maximum tolerated dose, which in intact rats 
ini-rensed the rcs])onso of the ovaries In- 39 mg., exhibited no significant 
progonadotrophic activity- in the test animals deprived of their j)ituitarv 
glands. The active globulin fraction itself, as shown by- the test on hypo- 
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])liyKCC'toiiii/(nl nils, was nol. (liroaliy fjoinulof rnjiliic, niul flic negative 
rcsulf obtained from the similar lesf on inlacf nils indiented Dial it fnilcfl, 
by ilsclf, to slimnlale llu; seerelion of endogenous gonndof roiiliin. 

'Phe injeelion of I lie jirogomuiolropliio globulin fraction in amounts 
U]) to 2*0 ml. did nol eause any qualitative alteration in (he rcsjion.sc of 
the ovaries of liypopliyseetomized rats injected with the c.xtract of pig 
pituitary gland. 'Phe ovaries containcfl numerous medium-.sized, Jicavil}' 

Table II. The effect nf the. (jlnbuUn frnetinn of serum from Goat S on the 
response, (jiren bp the oraries of intact or hppophpsectomized rats, to 2-5 mg. 
of extract AP7dD. The. nright of ovaries of untreated intact rats is 10 mg.; 
that of untreated hppogdipsectomized rats J mg. 



Xo. of ruts 

Tolnl nmouuf. 
of globulin 

Avorngo wc'iglil 

Tost nuimnl 

iiijoc-tocl 

injootocl 

of ov-nrios 

lutnct 

20 

ml. 

mg. 

20 

»* 


on 

37 

»• 

5 

1-2.7 

ru 

• » 

r> 

2-.7 

0:7 

tt 


r>-o 

88 

tt 

r.* 

3-0 

10 

intnet 

r. 

2-r.t 

28 

t* 

r> 

fc-Of 

-11 

IIypopby.soctomi7.ccl 

6 

0 

23 

»* 

r> 

0-.7 

20 

ff 

7 

1-25 

2.7 

It 

0 

2-r, 

31 

tt 

3* 

2r, 

5 


* Controls injcclod with globulin fraction only, 
f Globulin from normnl goat scrum. 


luteinized follicles resembling small corpora lutea, but, as far as could be 
determined from the histological examination of the ovaries, none had 
ovulated. 

These observations leave the mcclianism of the progonadotrophic action 
still quite unexplained in detail, but they seem to necessitate the con- 
clusion that the augmentation produced is not concerned with tlie primary 
effects of the principles injected but with the output of hormones from 
the pituitary gland of the test animal, occurring as a secondaiy effect of 
the injections. 

Summary 

1. The progonadotrophic activity appearing in the serum of a goat 
injected with an extract of pig pituitary gland was found to pass into 
the globulin fraction. 
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2. This globulin fraction, while augmenting the gonadotrophic activity 
of the same pig pituitary extract in intact rats, showed no progonado- 
trophic activity in hypophysectomized rats. 

3. The role of the test animal’s pituitary gland in progonadotrophic 
activity is being further investigated. 



AMOUNT OF GLOBULIN INJECTED (ml) 

Flo, I. Tliccnect of von-iitg nmounts oft ho globulin frnclion of the scrum of Goat 8 
on the ovaries of intact (•) and hypoplij-scctomircd (O) rats, and similarly of the 
globulin fraction of normal goat serum on the ovaries of intact rats (C). All rats were 
injected siraultatieously with a constant amount (25 mg.) of extract of pig pituitary 
gland (.\l'7tD). 

Tilo authors thank Mr. R. E. Glover. M.R.C.V.S., for supervising the 
injections of the goat at tlic M.R.C. Farm Laboratories at 3IiH HiU. 
Dr. M. van den Ende for the preparation of the globulin fraction of the 
sera used in these experiments; aho Dr. R. I. X. Greaves for drying the 
globnlin fraction of the serum of Goat 8 and Mr.s. M. H. Warwick for 
assistance with the histological preparations. 
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THE ISOLATION OF OESTRONE FROM OX 

ADRENALS 

By D. BEALLi 

From the British Postgraduate Medical School, London, Tf . 7 
{Received 30 January 1940) 

In 1930 Engelhart reported the preparation of lipoid extracts from adrenal 
glands, -whicli produced oestrous and progestational effects in the uterus 
of the immature rahhit. These findings were confirmed hy Callow & 
Parkes [1936], who showed that the active principles could be separated 
by the method of Allen & Meyer [1933], In 1938 the isolation of proges- 
terone, together with 3 : 20-aWo-pregnanolone, was armounced [BeaU & 
Reichstein, 1938 ; Beall, 1938]. Oestrone has now been isolated from two 
ox adrenal concentrates. A preliminary report of this work appeared last 
year [BeaU, 1939]. 

By the courtesy of N. V. Organon, Oss, HoUand, two adrenal concen- 
trates, both possessing a marked oestrogenic activit}’, were placed at the 
disposal of Dr. A. S. Parkes and made available to the author. 

As a preliminary step, the first concentrate was saponified wtli hot 
alcohoUc potash, the greater part of the oestrogenic activity appearing in 
the alkaU-soluble fraction. Partition of this material between suitable 
solvents resulted in a further concentration of the active substances, 
which were then separated into ketonic and non-ketonic fractions. Fol- 
lowing the subUmation of the ketonic material, in vacuo, and adsorption 
of the sublimate on an alumina column, a verj' active eluate was obtained. 
The residue from the eluate was treated with HgCk and NH^OH by the 
method of Beall & Edson [1936] for the isolation of oestrone from the 
urine of pregnant mares. Sublimation of the resulting gum foUowed by 
bcnzoylation gave oestrone benzoate which melted at 215-17°. 

In the case of the second concentrate the saponified material was ex- 
tracted with ether in a continuous liquid-liquid extractor. Practically aU 
the oestrogens appeared in the ether-soluble, alkali-insoluble fraction. 
This was processed in a similar fashion to the alkali-soluble fraction of 
tiic previous concentrate and as a result oestrone was isolated as its 
3 : S-dinitrobenzoate which melted at 193-4°. 


Exrr,RiMi:xTAL 


Melting-points arc uncorrcctcd. Micro-analyses arc 
Oxfonl. 
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3). lilCAI.L 
Prrjwalion of (he iuitlnl conrxntralc 

The initini concoiif mto wns prepared hy N. V. Organon, Osh, from ox 
adrenals, by (be niclhod of I’lin’ncr, Vnrs Sc Taylor The permutit- 

fillcrcd alcoholic solnlion was evaporated to a small volume, and, after 
the addition of water, the alcohol was removed 171 7'acuo. Tin's gave an 
aqueous suspension and an oil 3 ' residue, 'j’ho latter was rcdissolvcd in 
alcohol, and rcprccipitatcd with water, the whole process being repeated 
three times. Two such watcr-in.solublo oils, OA7 (1,079 g.) and 0A8 
(l,2S0g.), each representing 8,000 leg. of o.x adrenals, were used in the 
present investigation. OA7, a.ssayed by the dilution method, had an 
oestrogenic activity equivalent to 110 mg. of oestrone ; OA8, assayed by 
group assay, the equivalent of 120 mg. of oestrone. 

Bioassays 

All the bioassays reported in this paper were carried out by Dr. C. W. 
Emmons, National Institute for I\Iedical Research, Hampstead, vathout 
whoso generous co-operation it would have been impossible to have under- 
taken the investigation. 

Owing to the largo number of assays required, it was, in general, im- 
practical to use the group response method. A S 3 'stem of decreasing 
dosage was therefore adopted, wherebj' the amount of material given to 
each succeeding mouse of a group of mice was i)alvcd, until the smallest 
dose giving a positive response was found. While the use of a single mouse 
for each dilution reduced the accuracj’’ of the test, the method was found 
to be adequate for establishing the approximate activity of fractions and 
for following the partition of the active material in the various separations 
used. In expressing the assaj’’ results, the figures for the smallest dosage 
giving a positive response have been converted into an equivalent weight 
of oestrone, based on the fact that the majority of mice give a response 
with 0-1 fig. of the hormone. 


OA7 

Saponificatio7i 

357 g. of crude OA7 (representing 1,000 kg. of original tissue) were 
saponified in 1-5 1. of dry ether at room temperature by treatment for 
16 hours with 300 ml. of 7-6% sodium methoxide in methyl alcohol. The 
product was separated in the usual waj’- into the ether-soluble 'non-saps’ 
and the alkali -soluble ‘saps’. The latter were acidified and ether ex- 
tracted, the ether being Avashed Avith 7% NaHCOg to remove a certain 
amount of acidic material. 176 g. of ‘cold saps’ Avere obtained in this 
way. The ‘cold non-sap ’ fraction weighed 129 g. The oestrogenic actmty 
was divided evenly betAveen these tAVO fractions, the potencj’’ of each 
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bsing ecjuivalcnfc to 18 mg. of oestrono. The bicarbonate washings, which 
were oestrogenicaUy inactive, were rejected. 

The ‘cold saps’ were dissolved in 1 litre of light petroleum and 
extracted ten times with 100 ml. of 90% methjd alcohol, the combined 
methyl alcohol washings being re-extracted once with 150 ml. of light 
petroleum. The residue (22 g.) obtained by taking the methyl alcohol 
solution to dryness under reduced pressure was dissolved in 500 ml. of 
0-5 N KOH, which was saturated with carbon dioxide and ether extracted. 
The residue from the ether extract was an oil {16-7 g.) with a strong 
cresol-hke odour. Repetition of the light petroleum-alcohol-bicarbonate 
process reduced this fraction to 6-7 g., designated ‘phenols from cold saps’. 
It possessed all the oestrogenic activity of the total ‘ cold saps ’. 

Partition of the ‘cold non-saps’ between light petroleum and 90% 
methj'l alcohol failed to concentrate the oestrogenic activitj'- into the 
alcohohc phase. The fractions were recombined, taken to dr 5 mess and re- 
saponified by refluxing for 45 minutes with 700 ml. of alcohol and 100 g. 
of KOH dissolved in 100 ml. of water. The resultant ‘non-saps’ and ‘saps’ 
were separated and the ‘phenols’ of the latter were isolated as before and 
added to those obtained from the ‘cold saps’. A residual oestrogenic 
activity, equivalent to 2 mg. of oestrone, remained in the ‘non-saps’. 
On subjecting these to the light petroleum-niethjd alcohol-bicarbonate 
process this activity passed into the resulting ‘phenolic’ fraction. 

In view of the unsatisfactory results obtained by the cold saponification 
method, the remainder of the original concentrate (722 g.) was saponified 
by dissolving it in 2 litres of alcohol and refluxing for 1 hr. with 126 g. 
of KOH dissolved in 120 ml. of water. This procedure gave 499 g. of 
‘ bicarbonatc-washed saps’ and 79 g. of ‘non-saps’. The ‘phenols’ of the 
‘saps’ were isolated as before. Those remaining in the ‘non-saps’ were 
obtained by dissolving this fraction in 1 litre of toluene, and extracting 
six times with 100 ml. of N NaOH, saturating the combined alkaline 
solutions with carbon dioxide and ether extracting. The ether extract, 
which was a light oil vith a crcsol-like odour, was added to the ‘phenolic’ 
fractions previously* obtained. 

Srpnrnlion of the hcionic and non-lxionic 'phenols’ 

Tlic combined ‘phenols’ were di.^solvcd in 200 ml. of absolute alcohol 
containing G ml. of glacial acetic acid, and refluxed for one hour with 12 g. 
of Cirard's reagent T. After being cooled, the mixture was poured into 
son g. of ice and water, containing 90% of the theoretical amount of 
sodium hydroxide required to neutralize the acetic acid, and extracted 
four times with ether. Tlic combined ether extracts were rc-extractod 
thix'o times with 2,'> ml. jrortions of 3.'>% alcohol, then washed with dilute 



NnHCO.T, then with water and taken to dryness, to g, of non-ketonic 
‘j)Iienols’ were obtained, 'riic aqticons alroholie j)hasc was acidified by 
the addition of 10 % by volnino of concent rated JIC'I, and, after standing 
at room teinperatnre for oJie lionr, the mixture was extracted four times 
with ether. 'J’iie etlier was wa.sJied with dilute NallCOa, then with water 
and taken to dryness. 1*02 g. of ketonie ‘plienols’, which had an oc.stro- 
genie activity equivalent to 2r> mg. of ocstronc, were obtained. 

JsoIatio)i of oc..'ilro7ic from the, kctonic ‘phcvnlx' 

Partition of the kctonic ‘phenols’ between light petroleum and 00% 
methyl alcohol was ineffectual, ns all the material stayed in the alcoholic 
phase. Thi.s was diluted to 70% alcohol and extracted four times with 
benzene. The combined benzene extracts were re-extracted five times 
with N NaOH. I’lie soda washings were saturated with carbon dioxide 
and ether extracted to give 472 mg. of a gum which had an oestrogenic 
activity equivalent to ir> mg. of ocstronc. While this was only (50% of 
the activity of the original kctonic ‘phenols’, the loss was offset by the 
degree of concentration obtained at tin's stage. Sublimation of this con- 
centrate, in racno, at 100-170” C./O-Oa mm. gave ISl mg. of gum, which 
on being subjected to a light petroleum-methyl alcohol-bicarbonate puri- 
fication, gave 100 mg. of glass. No loss of oestrogenic activity took place 
during these stages. 

The next step involved the use of an alumina column. In a preliminary 
experiment it Avas found that ocstronc could be removed from a 10% 
benzene-light petroleum solution by running it through activated alumina. 
Elution AAutli benzene-light petroleum mixtures, benzene or boiling ben- 
zene-alcohol failed, however, to recover an}’' of the hormone. This Avas 
probably due to the presence of free aUvali in the alumina. On the other 
hand, oestrone acetate which had been similarl}’- adsorbed on alumina 
could be recovered by Avashing the column AAuth 50% benzene-light petro- 
leum. The 100 mg. of glass AA-^as therefore acetjdated (acetic anh_ydi'ide- 
pyridine on the Avater-bath) and the product Avas dissoh^'eri in 10 ml. of 
Ibenzene. Addition of 90 ml. of fight petroleum gave an opalescent solution 
Avhich AA^as run through a 5 g. alumina column. The column AA'as then 
Avashed with 50% benzene-light petroleum, the amount of oestrogens 
appearing in the eluate being determined colorimetrically in terms of 
oestrone. The 10% benzene eluate Avas colorimetricall}'^ negative. The 
first 200 ml. of 50% benzene brought through the equivalent of 6-1 mg. 
of oestrone, the next 300 ml. the equivalent of 2-0 mg. and a further 
100 ml. the equivalent of 0-4 mg. of oestrone. Washing AA'ith 85 ml. of 
pure benzene gave only a further trace of chromogenic material. 

Sublimation of the residue (34 mg.) from the 50% benzene-light petro- 
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leum eluates, at 150-170° C./0-05 mm. gave 28-5 mg. of gum which were 
saponified and treated with 3 : S-dinitrobenzojd chloride in pjTidine solu- 
tion on the water-bath. An attempt to crystallize the product by dis- 
solving it in 2 drops of benzene, adding 2 ml. of light petroleum and 
allowing it to stand overnight in the icebox was unsuccessful as this gave 
only a few crystals melting at 170-80°. The mother liquors were taken 
to dryness, dissolved in 25% benzene-light petroleum and nm thi’ough 
a 2 g. alumina column. This was washed with a total of 450 ml. 
of 25% benzene-light petroleum and 200 ml. of 50% benzene-light 
petroleum but no oestrogens (determined colorimetricaUy) appeared in 
the eluate. The alumina was then extracted with a mixture of boiling 
benzene-acetone-alcohol containing two drops of glacial acetic acid. Wash- 
ing was continued until the extracts were colorimetricaUy negative. No 
crystaUine material could be obtained from this eluate so that it was 
saponified and, on subliming at 150-170° C./0-05 mm., gave a gum. This 
was treated with HgCl 2 in alkaline solution and then with concentrated 
NH 4 OH [cf. BeaU & Edson, 1936]. The resulting precipitate was h 5 'dro- 
lysed with alcoholic HCl and the product was subhmed at 170° C./0-05 mm. 
Benzoylation of this sublimate gave crystals melting at 215-17° alone 
or when mixed with authentic oestrone benzoate. The details of the 
procedure used were as follows ; 

The 15 mg. of sublimate from the saponified dinitrobenzoate were dis- 
solved in 10 ml. of N NaOH in a centrifuge tube and 1 ml. of 5% HgClj 
was added. The mixture was heated for 30 min. in a boiling-water bath, 
cooled, and 5 ml. of concentrated NH 4 OH were added. This gave a large 
gelatinous precipitate which was centrifuged do\rn and washed twice with 
10 ml. of 1% alcoholic acetic acid. The residue was then boiled for 5 
minutes with 15% (by volume) alcoholic HCl, cooled, and the excess acid 
was neutralized with NH 4 OH. After making the mixture just acid with 
acetic acid, it was taken to dryness under reduced pressure. The residue 
was taken up in water to di.ssolve the inorganic salts and filtered, the 
filter being washed thoroughly with boUing water and then extracted well 
with boiling alcohol. Traces of mercuric salts in the alcoholic washings 
were removed by saturating these with H„S. The alcohol was removed, 
17! vacuo, the residue was rcdi.ssolved in alcohol and then filtered through 
kieselgulir. .Sublimation of the aleoholie residue at 170° C./0-05 mm. gave 
.5-3 ing. of cry.stalline material wliich when recrystallizcd from aqueous 
alcoliol melted at 242-7°. Thi.s was bcnzoylatcd with benzoyl chloride 
in pyridine solution. The product was dissolved in ether and washed with 
dilute lU'l, NallCOj and water. It was dried over KOH in a vacuum 
<lesiccalor to remove traces of benzoyl chloride. Tlie rc.-ultanf gum was 
sublimed at l.')0-IS(C C.;0-0."> mm. and gave 1-3 mg. of cry.stab- melting 
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afc 215-17° alone or 210-17° Avlien mixed -witli authentic ocstrone ben- 
zoate (m.i). 215-10°). A group of ten inice, each receiving a single dose 
of 0-5 fig, of the sublimate, gave an 80% i-esponse, -whereas a control 
group receiving a similar dose of authentic ocstrone benzoate gave a 
90% response. 


OAS 

OAS (1,280 g., containing the equivalent of 120 mg. of ocstrone) was 
saponified refluxing for one hour -with GOO ml. of 20% alcoholic potash. 
The mixture was then diluted M-ith 0 litres of water and extracted with 
ether for IS hours in a continuous liquid-liquid extractor. The rate of 
flow of the solvent was ajijn-oximatcly 2 litres ])cr hour. TJic aqueous and 
ether phases, which were processed in a similar way to those obtained 
on saponifying OA7, jdcldcd 4.‘}0 g. of ‘ bicarbonate-washed saps’ and 
025 g. of ‘non-saps’ respectively. The latter fraction was mucli larger 
than that obtained from OA7 where the saponified material was sejiarated 
in a funnel. 

The ‘saps’ and ‘non-saps’ Avere partitioned by the light petroleum- 
methyl alcohol-bicarbonate process. The resultant ‘phenolic’ fractions 
were combined and the partition process Avas repeated. TJiis gave 33 g. 
of a light oil, possessing a cresol-like odour, Avhich Avas separated into 
ketonic and non-ketonic fractions Avith Girard’s reagent T. Tlie resulting 
‘phenolic’ ketones Aveighed 2-3S g. and liad an oestrogenic activity equiva- 
lent to onl}'- 5 mg. of ocstrone. 

In the meantime the light petroleum-soluble fraction of the ‘non-saps’ 
had been sei^arated into ketones and non-ketones. The ketones AA'ere 
partitioned betAveen light petroleum-70 % alcohol and 70% alcohol- 
benzene in order to recover any «Z/o-pregnanolone present [Beall, 1939]. 
The loAv oestrogenic potency of the ‘phenolic’ ketones suggested that 
some actiAuty might have remained in this light petroleum fraction of 
the ‘non-saps’. TJie benzene-soluble and alcohol-soluble residues Avere 
therefore taken ujj in toluene and extracted six times AAdtli N NaOH in 
order to recoAmr any residual phenolic material. The alkafine extracts AA'ere 
combined, saturated Avith carbon dioxide and ether extracted. TJie ether 
residue, Avhicli Aveighed 292 mg., had an oestrogenic activity equiAmlent 
to 25 mg. of oestrone. 

An attempt to sublime this material at 170° C./O-OS mm. AA'as unsuc- 
cessful as it resinified. The resin Avas dissolAmd in dilute NaOH, AAdiich 
was saturated AAdth carbon dioxide and ether extracted. The ether extract 
jdelded 70 mg. of gum. This AA-^as acet 3 dated, dissolved in 50% benzene- 
light petroleum and run througli a 5 g. alumina column. The column AA'as 
Avashed AAdth a total of 800 ml. of 50% benzene-light petroleum and the 
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residue from this eluate was saponified. 41 mg. of gum were obtained. 
This was subjected to the HgClj— NH 4 OH reaction and gave 23 mg. of 
gummy material. Sublimation of this at 170° C./O'Oo mm. gave 11 mg. 
of crystals contaminated with a little gum, which were treated with 
3 : 5 -dinitrobenzoyl chloride in pyridine. Crystallization of the product 
from 3 drops of benzene and 2 ml. of boiling methyl alcohol gave 7 mg. 
of crystals melting at 193-4° alone or when mixed witb authentic oes- 
trone 3 : 5-dinitrobenzoate (m.p. 193—4°). 2 mg. of the crystals were saponi- 
fied in ether by sodium methoxide. Recrystallization of the product from 
aqueous alcohol gave oestrone which melted at 252-3° alone, or 253-5° 
when mixed with authentic oestrone (m.p. 255°). )A group of mice re- 
ceiving two injections of 0-05 fig. of the isolated oestrone gave a 50% 
response, whereas a control group receiving the same dosage of authentic 
oestrone gave an 80% response. 

Isolated 3 : 5-dinitrobenzoate. Found C, 64-7% ; H, 5-46%. 

Oestrone 3 ; 5-dinitrobenzoate. Requires C, 64-6%; H, 5-21. 

StraiMABY 

Oestrone has been isolated, in one case as its benzoate and in the other 
case as its 3 ; 5-dinitrobenzoate, from two ox adrenal concentrates. 

The author is greatly indebted to N. V. Organon, Oss, Holland, who, 
through Dr. A. S. Parkes, National Institute for Medical Research, 
London, made this investigation possible by supplying the initial concen- 
trates. Grateful acknowledgement is also made to the iledical Research 
Council for a grant towards the cost of the work. 
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17-KETOSTEROID, ANDROGEN AND OESTROGEN 
EXCRETION IN THE URINE OF CASES OF 
GONADAL OR ADRENAL CORTICAL DEFICIENCY 

Bv N. ir. CABI.OW, It. K, CALLOW and C. W. KJIMENS 

From (hr. Natimuil Jiistiliilr. for Mrdirnl Jirsrnrch, London, iY.ir. 3 
(lirceived 3 Frbrunr>/ 1010) 

Tun (lisoovcry that, inalorial with the activity of the gonadal hormones 
can he extracted from human urine early led to the plausible and attractive 
hypothesis tlial the level of this urinary excretion might give an indication 
of t he level of secretion by the gonads. An obvious line of critical attack 
on this idea was that of examining subjects whose gonads liad been 
removed and in whom the complete absence of gonadal secretion should 
entail the absence of either androgenic or oestrogenic activity in the 
urine. A fair volume of work on this line has nlrcady been done, but with 
contradictory results. i\IcCullagh, Cuylcr & Frawlcy [19.12], iMcCullagh, 
jMcCullagh & Hicken [1911], McCullagh & Renshaw [191-1], Kochakian 
[1917] and Feinicr & Rothman [1919] were unable to detect androgens 
in extracts from the urine of eunuchs. Bingcl [1915] appears to have 
been the first to obtain positive results, using the sensitive biological test 
of comb-growth in the capon after local application of the extract, and 
his report was followed by results of the same kind recorded by Koch 
[191G, 1917], Kenj'on, Gallagher, Peterson, Dorfman & Koch [1937], 
Chou & Wu [1937], Hansen [1937 6, 193S] and McCullagh [1939}.- It is 
fair to sa}'^ that the amount of androgen found has tended to rise with 
improvements in the technique of extraction: the highest value 3'et 
recorded is given bj’- Hansen [1938] for one subject, viz. c. 2180 ‘percu- 
taneous capon units’ per litre, which, using his conversion factor, is 
22 l.U./l. The presence of oestrogenic material in the urine of eunuchs 
has been reported by Bingel [1935], Eng [1936], Hansen [1937 a], Quental 
[1937] and Kenj^on ei al. [1937]. The values recorded b}^ different workers 
are not comparable, but they vary from one-third to eight times the values 
for normal men obtained in the same laboratories. 

Few examinations of the urinary excretion of androgens bj'- ovariecto- 
mized women have been reported. Dingemanse, Borchardt & Laqueur 
[1937] found low values by biological assay in three cases, and more 
recently Hamblen, Ross, Cuyler, Baptist & Ashley [1939] used Oesting’s 
colorimetric method to determine androgens in the urine of women after 
hj’^sterectomy and ovariectomj'' and recorded that little change occuired 
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after operation. Investigations of the oestrogen excretion are more 
numerous: Laroche, Simonnet & Huet [1933] found oestrogens in varying 
amounts in the rndne of about half the -women they examined who had 
been castrated surgically or by X-rays, and estimations have also been 
recorded by Eng [1936] and Frank, Goldberger & Salmon [1936]. 

The present investigation, a preliminary account of which was given 
in a lecture by one of us [R. K. Callow, 1938], has extended to the examina- 
tion of eleven eunuchs and eighteen ovariectomized women. Without 
exception, material -with androgenic actmty has been detected in the 
urine of gonadectomized subjects. Oestrogenic material has been de- 
tected in the urine of aU cases, with the exception of a few ovariectomized 
women ; this last statement must, however, be taken ■\^dth the reservation 
that our methods of extraction of oestrogens from normal urine are not 
very satisfactory. As a whole, the results support Bingel [1935], who 
was the first to come to the conclusion, after examining selected human 
subjects, that a demonstration of sex hormones in the urine could not be 
regarded as evidence of the functional capacity of the gonads. In spite 
of this clear lack of confirmation of the primary hypothesis and the 
demonstration that some of the active material in urine was of extra- 
gonadal origin, it remained to be seen whether, when the androgen and 
oestrogen excretion of groups of cases was examined, quantitative differ- 
ences could be found which were sufficiently large or constant to allow 
urines of gonadectomized or eunuchoidal subjects to be distinguished from 
normal urines. 

For reasons which have been expounded elsewhere [Callow, Callow, 
Emmcns & Stroud, 1939], our chief attention has been given to the 
colorimetric assay of 17 -ketosteroids in urine extracts, as giving a measure 
of the degradation products of the male hormone series. The figures 
obtained for androgens and oestrogens by biological assay, although we 
attach less weight to them, and although the latter in particular are of 
uncertain significance, arc comparable among themselves, having been 
obtained with uniform techniques of extraction and estimation. 

As an extension of this work, we considered an alternative to the 
hypothesis of the gonadal origin of 17-kctostcroids or androgens in urine, 
namely, that they might be derived wholly from the adrenal cortex. In 
this event the urinary excretion of I7-ketosteroids in cases of Addison’s 
disease would he very small. A condition of complete deficiency of both 
gonads and adrenal cortex, such that the occurrence in the urine of 17- 
ketosteroids from other sources could be investigated, cannot he studied 
in man, hut the nearest approach to this condition was observed in a case 
of severe jiituitara* deficiency. 

Detailed clinical data on many of the cases wliose urines we examine<l 
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were iiindo nvnilablc to us by f lic gciiorous co-oj)craiion of a number of 
physicians. Since, however, if proved impossible to draw any general 
conclusions from these data, they arc nol included in tl)i,s 2 )apcr, 

MKTirOn.S AND XOnMAn .STAN'DAKDS or COMrAIUSON 

The methods of extracting uritic used in this investigation have been 
the roTitinc methods of separate or combined liydrolysis and extraction 
I)reviously described [Callow, Callow, Emmens & Stroud, 1939]. The colori- 
metric assa^' of 17-kctostcroids was carried out b}' the method of Callow, 
Callow & Emmons [in3S]. The methods of biological assay were those 
l)rcviousl 3 * employed in this laboratory [Emmens, 1 939 ; cf. Callow, Callow, 
Emmens A'. Stroud, 1939]. All urines were adequately preserved. As far as 
jiossiblc, collections were made over a continuous jjcriod of three days, 
and the results of assa}- expressed in terms of the daily output, but in a 
number of eases this could not be done, and the results, marked with an 
asterisk in the tables, arc exprc.sscd in terms of content per litre. 

The figures for normal subjects, which wo take as a basis for comparison, 
arc those for a scries of liospital patients and for mixed collections of 
urine [Callow, Callow, Emmens & Stroud, 1939]. The values obtained for 
17-kctosteroid excretion were 3‘5-l»‘0 mg./day (mean 9-05 mg./day) for 
men, and 1-7-12-G mg.Jday (mean 0*75 mg./daj’) for women. Comparable 
figures were obtained by Chou & Wang [1939] Avho found 4-3-21'0 mg./day, 
(mean 10-7 mg./da}'^) for normal men and a lower range of 0-35-10'5 
mg./day for hospital patients, the values in the latter being lower in propor- 
tion to the state of malnutrition and duration of illness. Only a few values 
of androgen excretion b 3 '^ normal subjects have been determined in this 
laboratory, the values ranging from 6*5 to 110 International Units per 
daj'^ for men and from 2 to 50 I.U./day for women. Dingemanse et al. 
[1937] give the figures 15-170 I.U./l. for men and 30-60 I.U./l. for 
women. Since the average volume of urine excreted dail}’- is about one 
litre, figures expressed in terms of I.U./l. are comparable with those in 
terms of daily excretion. Koch [1939] gives the figures 40-100 I.U./day 
for young men and 30-100 I.U./day for jmung women. Koclialdan [1937] 
reported the excretion of 6-36 ‘capon units’ per 24 hours by j^oung men, 
a figure which we [Callow, Callow & Emmens, 1939] unjustifiablj'^ assumed 
to be too loAV. Subsequent assessment of these values by comparison with 
androsterone, however, gives the figures 14-102 I.U./day (personal com- 
munication from Dr. Charles D. Koclialdan). The principal workers in 
this field are, therefore, in substantial agreement as to the magnitude of 
the androgen excretion and its Avide variations in young normal subjects. 
Figures for old people given by the same authors cover a lower range, and 
androgens may even be undetectable in urine from such subjects. 
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It is more difficult to say wliat are the values for excretion of oestrogens 
by normal subjects. Our own figures for bulk collections indicate fignres 
of 10-30 I.U./l. for men’s urine and 50-160 I.U./l. for women’s urine, 
using the same method of biological assay in every detail [cf. Emmens, 
1939] as has been employed in this investigation. Differences in methods, 
particularly of biological assay, rule out any comparison with figures 
from other laboratories; our own figures are only comparable among 
themselves. It may, however, be mentioned that the relatively greater 
excretion of oestrogens by women is consistent with results elsewhere, 
e.g. Koch [1939] gives the average values 270 I.U./day for women and 
100 I.U./day for men. 

KEsnnTS 

Eunuchs and eunuchoids 

The figures for eunuchs are given in Table I. Of nine values for 17- 
ketosteroid excretion, six are derived from normal colour reactions, and 
all these are -within the normal range, but all except one are below the 
average figure for normal men. The values of androgen excretion are 
likewise within the normal range, but aU tend to be low and are below 
the average for normal men. The values of oestrogen excretion are low 
and probably all below the normal average. We have not been able to 
discern any relation between the levels of 17-ketosteroid, androgen or 
oestrogen excretion and age or the time since castration in this series. 


Table I. 17-Ketostcroid, androgen and oestrogen excretion in the urine of 

eunuchs 


Cafio 

no. 

Subject 

Ago 

Timo smco 
castration 

17-Kctostcroicl 

Androgen 

Oestrogen 

1 

tE.C. 

10 

r* jT. 

mg./day 

lO-O 

I.U./dnv 
or •I.U./l. 

18 

I.U./day 
or ’I.U./I. 
12-5 



20 

G \T. 

9-4 



8-5 

o 

F.D. 

— 

— 

8-2 

20 

e.l 

:i 

tD.S. 

38 

19 yr. 

8-4 

21 

8 


t .. 

— 

— 

7-2 

15 

C 

4 

T.C. 

— 

— 

7*7 

14 

3-5 

ri 

W.H. 

— 

— 

C-7 

12-5 

4 

0 

c.n. 

45 

21 yr. 

Free: (2-7) 

Trace 

cA 

7 

1M-. 

45 

Combinotl: fr4 

20 vr. frO 

11 

4 

3 

c 

s 

0 

A.It. 

40 

22 vr. 


11 


1I'.C. 

L. 

45 

10 vr. 

(3.1) 

10 

1*5 

10 

24 

1 yr. 

— 

c. 2S* 

c.C* 

n 

A..1.K. 

42 

— 


not detectable 

»> 


Coinliincd : — 17 


( ) Nomiiml for colntir ronriioi-.*! not tyrir.-il of 17.5:( to-tr-rci'!-. 

1 D.ito ]in-\ iniiNly j-iiWisls,-! [Cnjloiv, Cnllow’.*.- r.tr.mon*. nC'','!, 
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It M'oukI bo expected ilmt. in cnnuclioids, when no signs of testicular 
nctivitv are clinically discernible, ibo 17-lvetoslcroid and androgen excre- 
tion w)uld rcseinblc those of eunuchs. The figures in Table II show that 
exceptions inny occur. Case 12 is in ninrlccd contrast to the others and 
well above the normal average. Case 10, which did not show symptoms 
of comj)lc(o deficiency, may be excluded. Cases 14, 15 and 16, in spite 
of discordant capon assays on different specimens of urine of case 14, give 
figures more or less in agreement with those of eunuchs. Kenyon et al. 
[1007], Carmichael & Kenyon [1008] and Dorfman & Hamilton [1039] 
found low values for the androgen excretion of eunuchoids. Eunuchoidism 
is a condition the aetiology of which is obscure, and evidently assay of 
urinary androgens ma^' give information and a.ssist in differentiating 
certain types. 

Table II. ]7-Kcloslcroid and androgen excretion in the nrinc of emmehoids 


Cnso no. 

Subject 

Remarks 

17-Ketoatoroicl 

ing./day 

Androgen 

I.U./day 

12 

A.S. 

ngo;i9(r) 

n-r> 

31 


>> 

— ■ 

ICO 

c. 100 

1.1 

ii.n. 

ago 44 

13-1 

80 

M 

S.A. 

ago 47 

— 

83 


f * 

— 

5'0 

C 

IT) 

F.F. 

ago GO 

9-4 

8 

IG 

B.AV. 

— 

(3-8) 

5 


( ) Noinitinl figures for colour reactions not typical of IT-kotostoroids. 

Ovaricciomized woineii 

The figures obtained for ovariectomized women are given in Table III. 
Unfortunately there v'as uncertainty about the jicriod of collection of the 
urine samples in many cases, but probably no serious error is involved in 
assuming that the values per daj'- are similar to the values per litre. On 
this basis it appears that most of these subjects gave figures for 17- 
ketosteroid excretion within normal limits, and three Avere actually aboA’^e 
the average. The androgen excretions are generally beloAV normal. On 
the Avhole, hoAA^ever, the range of values is strildngly similar to that for 
eunuchs, although the values for normal Avomen are generally lower than 
those for normal men. 

Case 17, in which the 17-ketosteroid and androgen values are of the 
order obtained in cases of hirsutism associated Avith adrenal hyperplasia, 
is anomalous, but no item in the cbnical history could be clearly related 
to these high values. 

The values for oestrogen excretion Avere mostly very Ioav, but in Cases 26 
and 31 they Avere not far beloAv the normal range, and Case 19 gave a 
normal value, for Avhich the clinical history suggested no explanation. In 
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the two cases in which examination before and after operation was 
possible, clear falls in the values for androgen and oestrogen excretion 
were observed. Attempts to estimate 17-ketosteroid excretion after opera- 
tion yielded values artificially raised owing to interference by material 
giving with the reagents a brown colour not typical of 17-ketosteroids, 
and it is probable that the 17-ketosteroid excretion fell in Case 34 as well 
as in Case 33. This observation is not in agreement with those of Hamblen 
ei al. [1939]. 

Table III. 17-Ketosteroid, androgen and oestrogen excretion in the urine of 

ovariectomized women 


Case 

no. 

Subject 

Age 

Time since 
operation 

17-Ketosteroid 

Androgen 

Oestrogen 

17 

B.L. 

23 

4 yr. 

mg./day or 
•mg./l. 

19-4* 

I.U./day 
or »I.U./1. 
135* 

I.U./day or 
»I.U./1. 

7* 

,, 


23 i 

4i yr. 

21-4 

03 

5 

18 

Ha. 

32 

4 m. 

— 

17 

0-25 

*» 


33 

10 in. 

lOO* 

59* 

5* 

»> 

»» 

»» 

18 m. 

7-4 

6 

C.4 

10 

Co. 

22 

3 m. 

6-8» 

2-3* 

100* 

20 

Hu. 

38 

J 

G-C 

16 

5 

21 

E.M. 

27 

0 wk. 

C-5* 

17* 

5* 

22 

F.L. 

19 

9 m. 

C-2» 

24* 

4* 

23 

L. 

53 

4 yr. 

5-5» 

12* 

4* 

24 

tF.Y. 

32 

2 yr. 

60* 

2-5* 

7* 

25 

E.B. 

38 

2 in. 

{90) 

3 

4-5 

20 

G.S. 

53 

3 wk. 

(5-4)* 

1* 

19* 

27 

V.C. 

43 

1 5T. 

— 

14 

7 

28 

Cn. 

34 

1 m. 

— 

13 

4 

20 

X. 

(young) 

2-«k. 

— 

0 

4 

30 

L.T. 

54 

Uyr. 

— 

4-5 

4 

31 

B.U. 

! 

2 wk. 

(2-8)* 

1-7* 

30* 

32 

F.K. 

50 

27 JT. 

— 

c.l 

3-5 



(( 

ft 

— 

O 

o 

Carrg examined before and after operation 
33 >t.C. 45 Before 

IM 

21-5 

31 


»* 


2 wk. after 

(5-9) 

10 

7 

34 

E.H. 

3S 

Before 

8-0 

36 

19 


t* 

f * 

2 wk. after 

(IOC) 

5 

3 


( ) Kominnl figures for colour roactiorts not tj'picM of 17-kcto«tcroids. 
t Undium Btcriliznlion ; nil other enscs \rcrc Burgical. 


Casts of Addison's disease 

The figures for ca.'^cs of Addi.«oii’s disease are given in Table IV. 
'Die most marked feature is llie preponderance of ‘nominal’ figures for 
17-ketostoroid c.xcrclion, i.c. the frequent presence of substances whicii 
masked the colour reaction with m-dinitrobenzene. It is doubtful wlictlier 
any significance is to be attached to this circumstance, but, ns in .‘-uch 
cases tlic figure obtained is an upper limit to the tnic value, it is clear that 
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tlio excretion of 17-lcclosteroi(ls tends to be below the nverngc for normal 
subjects, and the same is t rue of the androgen and oestrogen excretions. 
It lias to be assumed Hint tlicse std)jccts arc suficring from an insufiicicncy 
rather than a comjilctc lack of endogenous adrenal cortical secretions, 
whicli is compensated for to a greater or lesser degree by administered 
extracts, for we cannot be certain, ns we can in the case of gonadcctoraizcd 
subjects, that the glands arc absent or that they fail to function. 

Table IV. IT-Kclostcroid, aiulrogcn and oestrogen excrclioyi in the mine of 

cases of Add i sort's disease 


Case no. 

Subjocl 

Sox 

17-Kclostoroid 

nig./day 

.•\ndrogcn 

I.U./dny 

Oestrogen 

I.U./dny 

n.'i 

J.l\ 

M. 

(7-r.) 

7 

c. 3.0 

.'10 

C.I5. 

M. 

(ao) 

18 

11 

:i7 

•T.M. 

M. 

(3r>) 

23 

c. 2 

as 

C. 

1'. 

7-r> 

20 

21 

no 

X.G. 

F. 

5 - a 

9 

47 


*t 


(9-8) 

39 

137 

■10 

V. 

V. 

(.1-0) 

la 

11-5 

•11 

J.F. 

F. 

(a-1) 

1-.5 

8 


f* 

»» 

(2-a) 

20 

8 


( ) Nomirml figures for colour rcncliona not tj 7 )ienl of 17-lcefostoroiils. 


Case of pituitary deficiency 

The figures in Table V arc those obtained for tlie 17-ketosteroid and 
androgen excretion in a case of pituitary deficiency caused by pressure 
on the gland by a tumour, a case under the cliarge of ]\Ir. W. R. Henderson 
at the National Hospital, Queen Square. It can be assumed that in the 


Cnao no. Subjoct 

Table V 

Remarks 

17-Kotostoroid 

Androgen 

42 J. JI. (male) 

Before operation 

mg./day 

(2-G) 

I.U./day 

0-8 


About one ■week 
after operation 

(0-2) 

4 


About five wooliS 
after operation 

(7-1) 

15 


absence of stimulation from the pituitarj'-, neither the adrenal cortex nor 
the testes were providing the precursors of the urinary 17-ketosteroids 
and androgens. Consistently with this, in the colorimetric assay, the colour 
given lacked the selective absorption characteristic of 17-ketosteroids, and 
the androgenic activity of the urine extract was onlj'’ just detectable. A 
slight rise in the figures occurred 1 week after removal of the tumour, and, 
a month later, restoration of pituitary function brought with it a rise of 
the figures practically to normal levels, although substances interfering 
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with the colorimetric assay were still present, but in relatively small 
amount. Naturally, in a case of this kind, other endocrine organs besides the 
gonads and the adrenal glands are affected, and absence of 17-ketosteroids 
and androgens provides no certain indication of their normal source. 

DISCUSSION 

The comparison of these groups of subjects with normal men and women 
in respect to the excretion of substances allied to the steroid hormones 
gives a somewhat equivocal result. Separately, neither gonadal nor 
adrenal cortical deficiency results in the disappearance of 17-ketosteroids, 
of androgens or of oestrogens from the urine, except for the absence 
of detectable oestrogenic activity in the urine of some ovariectomized 
women. On the other hand, in both classes of subject the excretion of 
these materials is generally lower than is normal, but the range of values 
overlaps the range of values for normal subjects. 

If it is assumed that the 17-ketosteroid and androgen excretion of 
patients with Addison’s disease is derived partly from administered 
adrenal cortical extract, then the values we found indicate that without 
this administration the excretion would be very low. It seems likely that 
both the secretions of the gonads and of the adrenal cortex contribute to 
the urinary 17-ketosteroids, but that the adrenal cortex is the larger con- 
tributor. In the case of oestrogens it would appear that both glands may 
contribute, but that possibly the gonads, and especially the ovaries, are 
more important sources. 

The results obtained do not provide clear evidence in favour of the 
supposition that deficiency in eitlicr the gonads or the adrenal cortex is 
balanced by increased activity of the other. 

Evidence of the reciprocal relations of the adrenal cortex and the testes 
in laboratory animals has been provided bj’ a number of investigations in 
the last few years (cf. Deanc.sly [1028], Cramer & Homing [1937], Davidson 
[10.37], Hall & Korcnchcvskj' [1938], Burrill & Greene [1939], Gersh & 
Grolhnan [1939]), but the conclusion wliich might be dravm from these 
ob.«crvations, that loss of the testes ma}’ be partly compensated for bj' 
increased androgenic activity of the adrenal cortex in rats and mice, is not 
necessarily npj)licablc to the human species, wliich is in one respect 
peculiar, in that it excretes relatively large nmount.s of androgenic 17- 
ketostoroids in the urine. Hamblen ct al. [1939] have recently, on the 
basis of evidence from colorimetric ass.ays of 17-ketO‘;teroids in urine of 
I'atients with amenorrhoca, or jiast the climacteric, eonehided that an 
inere.iscd jiroduction of androgens by the adrenal cortex compen-ates for 
n'gressive nlteratioii'i in the sexual .systems of ageing women, or. in other 
wonls, ‘that the adrenal cortex becomes the gonads of the need’. Tliev 



nn CAT.LO^\^ CJALLOW AND EMMENS 

nlso consider lluil, llicir daln siipf!;e.s(. lhal. atidrogcnic litres rise as a late 
eirocl. of ovariectomy. Our data from Cases ;?:{ and .‘M ecrtainly show a 
fall of 17-lcelostor()id and androgen e.vcretion immediately after ovari- 
ectomy, and onr data from other ])aticnls after ovariectomy do not support 
the suggestion t hat a great increase in the production of androgens by 
t he adrenal cortex is by any means a general j)henomenon ; only one such 
])atient in our scries, Case 17, gave high figures both for 17-kctostcroid and 
androgen excretion. It can oidy be concluded that a factor at jwc.sent 
unrecognized may come into play in some of these cases, but not in others, 
and lead to a high degree of com])ensatory activity of the adrenal. 

After having isolated three 17-kclostcroid com])ounds from the urines 
of normal men and women, and having identified two of these, viz. 
androslcrone and actiocholnn-.'{(n)-ol-17-one, as excretory transformation 
products of testosterone [N. IT. Callow, Ih.'fi); Callow Callow, 19.S9; 
Callow, Callow & ICmmens, l.O.T.O], we thought it })ossible that the remain- 
ing compound, /rnH.sdchydroandroslcronc, migl)t be identified ns the 
characteristic excretory jiroduct from the adrenal cortex. Hirschmann 
[19.'}9] reported that these three compounds could be obtained from the 
urine of ovnriectomizcd women in a yield onl}’ slightl^y less than that 
obtained by ourselves from normal women’s urine. We [Callow &; Callow, 
19-10] have examined the urine of a eunueh (Case 1) and have again found 
the same three compounds, but with an increased jiroportion of /ra?isde- 
hydroandrostcronc. Thus, even more sjiecific chemical examination does 
not clearly distinguish between the contributions of the testis and the 
adrenal cortex to the 17-kctosteroids excreted in the urine. The increased 
proportion of /ransdchydroandrostcrone is consistent with the h 3 'pothesis 
of compensatoiy activity of the adrenal cortex ; as, however, the com- 
parison was made between the urine of a eunuch shov’ing a level of total 
17-ketostcroid excretion higher than others and bulk collections of urine 
from normal men, and A\'e have no knowledge of the range of variation in 
composition in cither class, these observations cannot be regarded as 
positive evidence in support of this idea. 

The practical object of this work was to investigate the possibility of 
using assaj^s of androgen and oestrogen in the urine as a laboratoiy aid 
to diagnosis. The results, taken in conjunction Avith those reported in a 
previous paper [Callow, Callow, Emmens & Stroud, 1939], which demon- 
strated the wide range of variation in the excretion of 17-ketosteroids or 
androgens in patients not suffering from adrenal or sexual disorders, and 
the uncertainties of oestrogen estimation, show that the method has, as 
yet, no diagnostic value, except in certain special cases. Oestrogen assays 
have some value when they are made on a series of samples by uniform 
techniques of extraction and assay, but the method is too laborious and 
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expensive for common use, except where approximate determinations of 
large amounts are concerned. The estimation of 17-ketosteroids can be 
carried out with fair accuracy, and can replace biological estimation of 
androgens, but clear diagnostic significance can only be given to the very 
high figures which occur in cases of adrenal cortical tumour. In combina- 
tion with other determinations and vuth clinical evidence it seems possible 
that assays of 17-ketosteroids can give some assistance in the diagnosis of 
pituitary insufiSciency and of Addison’s disease, in which low values would 
be confirmatory of other evidence, whilst average or high values would, 
in the absence of other strong evidence, be inconsistent with these 
diagnoses. 

Stomary 

1. Extracts of the urine of eunuchs, eimuchoids, ovariectomized women, 
sufferers from Addison’s disease, and a case of pituitarj’^ deficiency' have 
been examined for 17-ketosteroids, androgens and oestrogens. 

2. 17-Ketosteroids and androgens were found without exception in the 
urine of 11 eunuchs and 18 ovariectomized women. The average amounts 
are below those for normal men or women, but individual figures come 
witliin the range of variation found in normal subjects. 

3. Oestrogens were detected in the urine of all the eunuchs and most 
of the ovariectomized women. With one exception, an ovariectomized 
woman, tlic level of excretion was below normal. 

4. Tlie level of excretion of 17-ketosteroids and androgens is generally 
low in subjects with Addison’s disease. 

5. 17-Ketostcroids and androgens were low in a patient with severe 
pituitary deficiency, but the excretion rose practically to normal values 
when the patient recovered after operation. 

0. It is concluded that urinary 17-ketosteroids and androgens may be 
derived from both the gonads and the adrenal cortex. The results arc 
consistent with the hypothesis that absence of the gonads leads to com- 
pensatory activity of the adrenal cortex in some cases, but do not yield 
]>ositivc evidence in its favour. 

7. The independent diagnostic value of determinations of urinary 17- 
ketostcroid excretion is limited to cases of adrenal cortical tumour; in 
conjunction with other evidence they have confirmatory value in cases 
in which lowered adrenal cortical function is suspected. 

Our most grateful thaiiks are due to the following clinicians and others 
who co-operated in this work by arranging the collection of urine from 
jiaticnts. and placing case histories at our disjiosal. and took a friendh- 
inten-st in its pn'grcss: Miss Margaret Rasden. J)r. P. M. !•'. Bishoj). Dr. 
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THE RATE OF LOSS OF ACTIVITY OF ANTI- 
GONADOTROPHIC SERUM IN VIVO 

By M. R. A. CHANCE 

From the National Institute for Medical Research, London, N.W. 3 
{Received 14 February 1940) 

RowLAifDS in. unpublished data has shoum that antithyrotrophic activity 
is almost completely absent from the serum of a rabbit, sensitized by 
prolonged injection -with an extract of ox pituitary, nine weeks after the 
injections were discontinued. 

In a recent paper Rowlands & Spence [1939] have demonstrated the 
rate of appearance and subsequent loss of antihormone activity in human 
patients treated vath an extract of pregnant mare serum, in Avhich the 
loss of antigonadotrophic activity is nearly complete three months after 
the period of treatment. Tiiis result parallels in general, thougli not in 
detail, that obtained with antithyrotrophic serum in the rabbit, and seems 
to indicate that a period of months elapses before antibormone acti\’ity 
is completely absent in actively immunized animals. 

Passive sensitization of animals of a different species from that of the 
donor, on the other hand, as will be seen below, is lost much faster. 

Methods 

Antiserum. The globulin fraction used [Rowlands & Harington, 1937], 
which was active against the gonadotrophic principle of pregnant women’s 
urine, was obtained from a goat (goat 1) immunized by means of injections 
of an extract (‘Pregnyl’) from this source. 

Assay. Immature female rats weighing 40-50 g. were injected subcu- 
tanconsly once daily for five days with a standard amount of 0-2 mg. of 
an extract of the tirine of pregnant women (U.P.IO). Twcnt\’-four hours 
after the last injection the ovarj' and uteri were dis.scctcd, and after fixa- 
tion overnight in Bouin’s fluid they were weighed. 

Tlie administration of such an amount of U.P.IO by this method has 
been shown pre%'iousIy [Deanesly, 1935] to produce ovaries weighing 35—10 
mg. The weight of the ovaric.s of untreated rat.s of this body -weight is 
10-12 mg. 

Other groups of immature rats, immunized by a single .subcutaneous 
injection of antigonadotroiihic serum, were subsequently, after different 
intervals of time, tested for their abilitv to inhibit the effect of 1 nm of 
U.P.IO. 
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The requisite nniounl. of nnfisenim to ncutrnlizc ] mg. of U.P.IO lias 
previously been shown by l^owlantbs & Pnrlvcs [1037] to be 0-0125 ml. 
Tlie globulin fraction from this amount of scrum was made up to one ml. 




Curve relating ovarian and 
uterine weight response to 
quantity of anligonodotrophin 
in rots receiving 5 daily injections 
of 0-2 mg. of U.P.IO, 
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with distilled water, and administered subcutaneously to seven groups of 
ten immature female rats weighing 35-45 g. Subsequently, after different 
periods, five consecutive daily injections of 0-2 mg. of the urinary extract 
(U.P.IO) were begun, and the effect assayed by the increase in the weight 
of the ovary. (Table I and Fig. 1). 
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Resui>ts 

Comparison of action of antiserum in single and divided doses. 

In Fig. 1 and Table I is shown the effect of different amounts of the 
antigonadotrophic serum administered in five equal doses given simul- 
taneously with five injections of the extract of urine of pregnant women 
U.P.IO. It is seen that a total of 0-0125 ml. of the antiserum completely 
inhibits the effect on the immature rat’s ovary produced by 1 mg. U.P.IO. 

Table I. Ovary- and uterus-weights obtained by the simultaneous administra- 
tion of varying quantities of antigonadotrophic globulin with an optimum 


dose of urine 

of pregnancy extract 


Globulin antigonadotrophin dose 

Weight of ovaries 

Uterus weight 

ml.* 

mg. 

mg. 

nil 

35-0 

— 

010 

33-6 

110 

0-25 

23-6 

102 

0-40 

19-0 

76 

0-50 

18-0 (21-0)t 

61 (76) 

0-60 

ICO 

79 

0-70 

17-0 

56 

0-80 

140 

62 

1-00 

13-0 (12-0) 

45 (35) 

1-20 

130 

23 

1-25 

— (15-0) 

— (32) 

1-50 

12-0 

20 

2-00 

13-0 

32 


* 1 ml. = 0 0125 ml. of original scrum. 

t Figures in parentheses obtained by administering the antigonadotrophin simulta- 
neously with the U.P.IO in 5 doses, otherwise the antiserum was given in one dose with 
the first U.P.IO injection. 


Jlorcovcr, it is shown that the efficiency of the antiserum is the same 
when it is injected as a single dose simultaneously with the first of the 
five injections of U.P.IO. It seemed desirable, therefore, to determine the 
rate of elimination of the antiserum activity from the body of the rat bv 
injecting the urine of pregnancy extract beginning at different intervals 
after (he single injection of antiserum. 

Rale of elimination of antigonadotrophic activity by the rat 

.•\s shown in Table II, the anti.scrum was injected to nine groups of 
rats, and subsequently, at vaiying intervals, each group -u-as injected with 
1 mg. of U.P.IO in the usual way. This interval is defined as l>eginning 
wlien the antiserum was administered and ending on the first day of injec- 
tion of tlie urinary extract. Tlie effect on the response elicited in the 
<ivary is shown in Table II. From Fig. 1 it is possible to calcidate the 
1‘orcentage of antiserum remaining active after any .sjx;cified lajwc of 
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time. Tlic rc.siill.s given ij) Tnhh IT and Fig. 2 sliou- t)mt 50% of the 
nctivity of tlic nnt isorum is lost on the first day and subsequently a 
gradual loss ensues, leaving only M% of its activity on the lOth clay. 



DAYS 

Fio. 2, Curve showing porcontago of nntigonnciotroplifo activity remaining after 

difloront time intervals. 

Table II. Tadle relating ovary-weight and percentage of antigonadotrophin 
remaining active after varying time intervals 


Days* 

Weight of ovaries 
ing. 

% Antigonndotrophio nctivity 

0 

13 

100 

it 

14 

84J 

1 

18 

51 

2 

18 

50 

4 

19 

44 

6 

25 

22 

8 

28 

17 

10 

30 

14J 

— 

35 

0 


* Period between injection of antigonndotrophio serum and first U.P.IO injection. 


103 


AIJTIGONADOTEOPHIN IN VIVO 
Discussion 

No direct comparison can be made between these results and the rate 
of loss of true passive immunity, as information is lacking on the disap- 
pearance of goat-serum in rats. It is, however, clear (from unpublished 
data) that the rate of loss of activity over the whole period of the experi- 
ment is of the same order as that for the disappearance of heterologous 
proteins in rabbits inoculated with staphylococcus antitoxin, and for the 
rate of loss of passive immunity in rabbits treated with horse antiserum 
reported by Glenny & Hopkins [1923, 1924:]. 

In general, passively immunized animals lose the passaged antibodies 
sooner than those which are produced in their own system as a reaction 
to foreign antigens. 

Great variability exists in this respect between different vaccines, but 
in general these results, when taken in conjunction with those of Howlands 
& Parkes [1937], tend to support the view that antihormone formation is 
of the same kind as normal antibody formation. 

SUJIMABY 

The rate of disappearance of the antigonadotrophic activity of goat 
serum from a goat immunized by an extract of the urine of pregnant 
women was investigated in rats. 

It is shown that 50% of the activity of the antigonadotropliic serum is 
lost on the first day and that subsequently a gradual loss ensues, leaving 
14% on the 10th day after injeetion of the serum into the rat. 

My thanks are due to Dr. A. S. Parkes and Dr. I. W. Rowlands for 
assistance in the work. 
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THE EXCRETION OF OESTROGEN AND PREG- 
NANEDIOL BY PREGNANT AND PARTURIENT 

WOMEN 

NORMAL AND TOXAEMIC CASES 

By A. M. ITATN 

Frov} the. Insdtulc of Aniiml Gcnctic.’f, Univr.mln of Edinburgh 
(Hccciird 17 Frbrunnj JDIO) 

Ix j)rcvious studies [ITnin, 1938, 1939] the author examined the range of 
tlic excretion of oestrogen in tlic urine of 47 pregnant women during the 
Inst four montlis of gestation. The data comprised the oestrogen excreted 
in untreated urine, and the combined forms of ocstronc and of oestriol, 
the general inference being that a rise in the combined forms occurred 
between tlie tiftli and sixtli months of pregnancy, followed bj' a slight drop 
and a furtiier rise during the last month. It was pointed out, however, 
that important facts might be obscured by considering only averages 
and that each case should bo examined individual!}' since the range of 
hormone output was so great, both low and high levels of excretion being 
unassociated with any abnormal symptoms in the outcome of gestation. 

In the series referred to, the estimations of hormone concentration were 
made at monthly intcrv'als and were, therefore, incapable of throwing 
any light on changes associated Avith the onset of labour. The present 
stud}' lias as its main object the inA'cstigation of these changes, and 
consequently frequent estimations Avere necessary during the last few 
Aveeks or days of gestation of both the oestrogenic and luteal hormones. 

There can be no question that a fuller knoAAdedge and appreciation of 
the various factors involved in normal function is urgently needed in 
order that the underlying causes of pathological function may be correctly 
assessed. Since not only in the non-pregnant but still more in the pregnant 
Avoman is there the Interplay- of not one but several hormones, an investi- 
gation Avhich relates the timing and the amount of their secretion to a 
critical stage in the bfe of the patient is likely to throAV light on their 
interaction and on their combined function, and to afford a standard (or 
standards, since individual variations in the amounts secreted are so 
great) with which pathological states can be compared. Patients in AA'hom 
the balance between progesterone metabolism, as determined by preg- 
nanediol glucuronide excretion, and oestrogen excretion has been such 
that birth has followed a normal course are placed alongside others in 
Avhom pregnancy has terminated disastrously. 



HORMONE EXCRETION AT PARTURITION 105 

The present series comprises 15 women in 10 of whom estimations were 
made every 3 (or at most 4) days during the last 2 or 3 weeks of pregnancy, 
and 5 others in whom they were made every daj^ In addition, one woman 
was followed throughout the whole of pregnancy at monthly intervals 
until the last month when weekly and, finally, daily analyses were made. 
Of the total of 16, 6 provide particulars of combined oestrone and oestriol 
only; in the remaining 10 cases the excretion of pregnanediol also was 
estimated and its relation to the combined oestrogens in the same specimen 
of urine was determined. In the majority, parturition either followed a 
normal course or the complications were minor ones ; there were, however, 
three cases of stUl-birth (cases 62, 66 and 67), two of eclampsia or pre- 
eclampsia (58 and 67), one of pyelitis vdth disseminated sclerosis (68), 
one of mastitis (60), two vdth delayed second stage and commencing 
secondary uterine inertia (51, 62), and one in whom there was some dela}^ 
in involution of the uterus associated vdth B. coli (61). 

Hormone anal 3 'ses were made either up to 1-3 hours before labour or 
during part or the whole of labour in 13 instances, and up to or within a 
few hours of parturition in 7 (cases 48, 57, 60, 64, 65, 67 and 68). The 
course of the decline in hormone output after parturition and during the 
commencement of lactation was examined in 9 cases (48, 60, 61, 62, 63, 
64, 65, 66 and 67). 


Methods 

Exlraclion of oestrogens from urine. The method of hj'drol^'sis and sepa- 
ration of the oestrogens used in the previous series and described bj’ 
Hain [1939] was again emploj^ed. This is based on the method of Cohen 
& Jlarrian [1934] but with modifications introduced bj' Callow [1936] in 
which continuous benzene extraction was substituted for ether extraction. 
By this method over 90% of oestrone (international standard) and 
approximate!}' 60% of oestriol was recovered from a test aqueous solution. 
No allowance has been (or can as j-et be) made for the augmenting effect 
of hiologicallj’ inactive substances e.xcreted in urine [Emmens, 1939], but 
since the same methods were followed throughout, the data afford valuable 
information for comparative purposes. In the present series the following 
minor alterations were made giving uniformitv; (a) proparator\' to the 
extraction of combined oestrone the urine was hydrohsed under reflux 
condcn.«er for 1 hour only, and in the case of oc.striol for 16 hours; (6) for 
both hydrolyses the urine was acidified in the proportion of 35 ml. con- 
centrated IICI (commercial) per litre. A single 2-1 -hour sjx^cimen of urine 
was used in all cases, and owing to the valuable co-oi>eration of the 
matron and sisters of the (local) Homes where the jiatients staved it was 
possible to be quite sure that the entire day’s output was rt'ceivcd. Of a 
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clay’s output, wliich generally consisted of 1500-1700 ml. urine, 250-500 
7nl. were set aside for the pregnanediol determination and the rest used 
for the estimation of the two oestrogens. Unless otherwise stated the 
post-pnrtum urine ineluded the first urine passed after parturition. All 
urines were worked up immcdiatcl}' on collection and no j)rcserv'ativc was 
necessary. 

As in the former scries, grou})s of 20 ovaricctomizcd mice were used for 
each test of oestrogenic activity, and whenever fewer than 30%^ or more 
than 70%' showed full cornification in the vaginal smear, further groups 
of (he same number were used until the reaction occurred within this 
range; frequently -tO-SO mice were used on a single test. If fewer than 
.35% were cornified such a group was ‘primed’ again before use. It was 
sought in these ways to minimize the possible elTect of a variation in 
reaction to previous injection and so to secure more accurate results. All 
newly ovnriectomizcd mice were primed with strong oestrogen a fortnight 
before use. 

Only full cornification was taken ns a positive result and the findings 
were expressed in terms of milligrammes of the international standard as 
previously assayed in oil [Main, 1938]. Tlic main points of this assay and 
of that of ocstriol, which was based on a specimen of crystalline oestriol 
kindl^f supplied by Professor Jlarrian, are shown in Table I. 

Table I. Assay of oesironc (I.S.) and crystalline oestriol in oil sohilion 

{4 injections in 36 hours) 


% mice 
positive 

Ocslrono (I.S.) 

Ocstriol 


mg. 

mg. 

70 

0000108 

— 

60 

0-000090 

0-00100 

50 

0-000082 

0-00085 

40 

0-000067 

0-00070 

30 

0-000054 

0-00050 


In the majority of cases the oestrogenic activity of the untreated urine 
was also determined. The figures are given only in the first group as it 
was apparent that its concentration played little part in those changes 
which were associated with the onset of labour. It has been shown 
[Cohen, Marrian & Odell, 1936, and confirmed by the author] that oestriol 
glucuronide, which forms the major portion of the oestrogen excreted in 
pregnancy [Cohen & Marrian, 1934], possesses considerable oestrogenic 
activity in its combined form ; it is thus mainly responsible for the oestro- 
genic effect obtained in the untreated urine of advanced pregnancy. 

The androgenic activity of the urine was determined on capons, as pre- 
^ For oestriol these figures were 35 and 60% respectively. 
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viously, and a comparison made between the yield towards the end of 
gestation and two or three days after delivery. This will be reported 
separately. 

Pregnanediol. The gravimetric method for the determination of sodium 
pregnanediol glucuronidate in urine as described by Venning [1937, 1938] 
has been employed in every instance. In order that quantitative values 
might be assured, a second precipitation with acetone and water was 
always made, as recommended by that author. The material recovered 
has been expressed in terms of pregnanediol by using the formula pre- 
scribed, and, as in the case of oestrogens, the output is estimated per 
24 hours. 

Charts. The same scale of values for each of the hormones investigated 
has been used on all the charts so that cases can be readily compared. 
Clinical details of all patients are given in the tables. 

Results 
Oestrogens only 

In the six cases for which data of combined oestrone and oestriol alone 
are available (Table II, Figs. 1-6)' the following points are demonstrated: 

(a) A marked rise in the excretion of combined oestrone occurred uni- 
formly about one week before parturition ; in three cases at 8 days before 
labour, and in two others at 6 and 9 days. In cases 51 and 57 (Figs. 1 
and 5) some irregularit}' is observable in that the former did not exhibit 
a marked rise at 8 days and the rise in the latter was preceded by a similar 
peak at 15 days. These features nia 3 ' have been associated with other 
hormonal irregularities and be related to abnormalities in the patients’ 
condition, ns secondary' uterine inertia necessitating low H.F. forceps 
deliverj’ occurred in case 51 whose oestrone level was low and in whom 
no marked rise in output was observed during the 15 daj’s covered; and 
in case 57 .symptoms of mild pre-eclamptic toxaemia (B.P. 150 with some 
oedema of the ankles) were present from daj-s 16-12. Abrupt changes in 
the level of combined oestrone excretion are not altogether rare (sec case 48 
below) but arc not often accompanied In’ fluctuations of equal magni- 
tude in tbc oestriol excretion. In this patient and in No. 58, in whom 
the condition of prc-cclamptic toxaemia necessitated hospitali 7 ,ation (sec 
'fable II), a high oestriol excretion occurred when the oestrone fell and 
vice versa. 

(b) 'fbe .second feature of this group Is the drop in combined oestrone 
which followed on the rise and jireccdcd the onset of labour bv .‘i, 4. or 
5 dav.s. In -J out of tbc 6 jiaticnts forming tin- series, labour commenced 

' Til-' tnMt-, uilh (Inb!'-*- 1 ni-.d V), nii'l nil tl,-' nro 1 

t\\ till' rj.tl cif nrlirlo {pj> 
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widiiti 1— n liourK nftcr collcof ion of llio lust specimen of urine end in only 
two of these wns lliore n further lowering in the output after the fourth 
day. The initial drop alone did not provide suflicient .stirnidus to bring 
about labour. 

(c) '.I'hc ascendance of combined oc.striol over combined ocstrone is 
marked in all cases. Generally it shares in the rise which occurs in com- 
bined ocstrone a few days before the onset of labour, but there docs not 
npjicar to bo a marked or consistent lowering of output prior to labour. 
This feature is held in common with comI)ined ocstrone. It. seems obvious 
that other hormones and probably other factors })lay a more important 
part in the labour i)roccss than the level of cotnbined ocstrone and com- 
bined oestriol. This will be discussed later. 

(d) With the c.vception of the two cases of high blood pre.ssure (Nos. -u 
and /)8) the general outline of the combined oestriol curve follows, in the 
main, that for combined ocstrone, but there is clearly no strictly’ quanti- 
tative relationship in the .same specimen of urine. Thi.s is not surprising 
since it has been suggested that the conversion of ocstrone into oestriol 
occurs under the action of progesterone [Pincus & Zahl, 1037] and such a 
relationship woidd necessitate a strict correlation between the three hor- 
mones. The later series in which the prcgnnncdiol ont])ut has been esti- 
mated shows that this does not ex’ist. 

(c) In the women investigated the maximum daily excretion of com- 
bined ocstrone was 1*0 mg. and of combined oestriol 24-9 mg. 

(/) The amount of urine excreted daily has been shown in Table 11, 
column G, as it was thought that the peak of oestrogen excretion might 
coincide with a high urinary output. Only in eases 53 and 55 is it possible 
to sec such a correlation in this series, and this may have been fortuitous. 

{g) It was felt that more frequent analyses nero necessary, and in subse- 
quent cases these were generally performed daily towards the approach 
of labour. 

Oestrogens and g^regnanediol 

This group consists of ten women of whom five may be considered to 
have presented no associated abnormalities, and five in ndiom serious 
symptoms either already’- existed or developed in the course of the 
investigation. 

Case 4S. As data are available for the ndiole course of pregnancy^ in 
patient 48, her case presents a valuable record for purposes of comjjarison. 
This was her fourth pregnancy, and the other children were healthy. 
Having been a scientific worker in this Institute before marriage she could 
be relied upon for conscientious co-operation. The first analy'^sis of ocstro- 
gens was performed wlien her last menstrual period was 3 weeks overdue; 
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an Ascheim-Zondek test on this specimen of mine yielded a strong 
positive. Pregnanediol estimations were not commenced until the 5th 
month. The particulars in Table m and Eig. 7 show that during the first 
4 months, although the combined oestrone was stationary the combined 
oestriol doubled itself monthly, fi-om the 4th to the 8th months there 
was approximately ten time? as much combined oestriol as combined 
oestrone excreted [confirming Cohen & Marrian, 1934]. It is not certain, 
however, that this relative uniformity actually existed as analyses at 
such long intervals gave no information as to daily variations. 

During the last month of pregnancy (see Fig. la) the frequent estima- 
tions made (at 3-day intervals and then dafij" during the last fortnight) 
reveal a rhythmic rise and fall which, starting with a relatively slow swing 
covering 8 days, becomes more rapid, lasting 4 days and then 2 da 3 -s. 
The rise and fall in combined oestriol are similar in character to those in 
combined oestrone but do not strictl 3 ' coincide ; a similar oscillation occurs 
also in pregnanediol, but the curve does not follow strictl 3 ’^ either of the 
oestrogens. The general relationship of all three, however, is marked. It 
is of interest that the maximum pregnanediol e.xcretion which was 
attained 13 days antepartum and again 4 da 3 's later was also reached at 
the 39th da 3 ’’ antepartum (da 3 ’ 243). When reckoned per litre of urine the 
peak in pregnanediol excretion (60 mg.) occurred 8 da 3 ’s before labour at 
a time when the output per litre of oestrone was PC mg. It is obvious 
that on the 274th da 3 ' when the 24-hour exeretion was 3-0 mg. oestrone 
and GO mg. pregnanediol the kidne 3 ’s pla 3 *ed an important part in the 
process of hormone elimination, as on this da 3 ’ the values per litre of 
urine were onl 3 ' 1-5 and 29-5 mg. respectivel 3 ’. 

It m\ist be apparent to an 3 'one examining the chart for an 3 ' sure cri- 
terion that labour was imminent that no such criterion existed. Labour 
might have commenced on an 3 ' da 3 - from the Sth antepartum onwards, as 
a compari.son with the other charts will demonstrate. It is true that the 
urine passed during labour, though relativch* rich in combined oestrone, 
contained little pregnanediol, but the same cannot be said in other cases, 
notably c.ase 05 {infra). According to Cohen, ]\Iarrian k Watson [1935] 
labour is accompanied Iw a fall in the combined oestrone and oestriol and 
a rise in tiic free forms, but the connexion between the fall in combined 
oestrone observed 1 ) 3 ' these authors and the appearance of free oestrone 
in tlie urine is not clear. Data arc being accumulated which, it is hoped, 
will show the relation between the excretion of pregnanediol, combined 
oestrone, combined oestriol and free oestrone at the onset of labour. 

.\ last noteworthy point in No. -tS is the iiigh output of combine<l 
oestrone during labour. Labour lasted 17 hours and the urinar 3 ' exerctit>n 
(900 ml.) has bwn calculated on the basis of 2-5 iioiirs. Tiie j>ostparluni 
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specimen, also, Juui n Jiiglj oestrono content, hut almost 3 litres of urine 
were passed. 

Ca-'tc 6/ (Table IV, Fig. 8) show.s much less iiTcgularit}’’ than case 48 
hccausc the urine was examined at less frequent intervals. If allowance 
he made for the c.xaggeratcd scale for ocstrone, there is, in this patient, 
a very fair degree of coincidence in the .shape of the ctjrwes for the three 
hormones. I.’hc excretion of l)oth combined ocstrone aiid pregnanediol 
reached a very high level, the maxima being n-3 mg. ocstrone and 127 mg. 
I)regnanediol. I’hese, as also the maximum for ocstriol (24'5 mg.), were 
reached r> days before jiarturition. In the three days that followed, a 
sensational droj) occurred in ocstrone nccomj)anicd by a less marked fall 
in the level of pregnanediol, a combination of circumstances which suggests 
the ap])roach of labour, but which has a ])nrallcl in ease 48 on days 9-S 
when a drop of 1*7 mg. ocstrone occurred in a single day but without 
initiating the changes which herald parturition. As observed in case 48, 
the maximum excretion of ocstrone and jwegnancdiol (~)‘3 mg. and 127 mg.) 
coincided with a high urinary* output, viz. 2,;>S0 ml. ; per litre of urine the 
amounts were, respectively, only 2-0 and 49 mg. Tims, again, the kidnej's 
played an imj)ortant j)art in liormonc elimination. It is interesting to note 
that 2 days before parturition witnessed the highest yield per litre of 
urine of both oestriol and pregnanediol: 17*0 mg. and 72 mg. respectively; 
thus, in spite of the lowered output of combined oestrone, the hormone 
excretion afforded no reliable indication of the imminent approach of 
labour. A similar peak though of much smaller magnitude occurred also 
per litre in ease 48 two days before parturition, and in case 65 (infra) 
during the 18 hours which preceded parturition. Owing to the large 
amount of urine passed during the 24 hours folloAving parturition (3,495 
ml.) the hormone excretion is high, viz. 0-52 mg. oestrone, 8-0 mg. oestriol 
and 38 mg. pregnanediol. 4 daj'S after the birth there was no trace of 
pregnanediol, and onl^'- slight traces of oestrone and oestriol, the former 
being present in amounts normally found in the non-pregnant woman, 
viz. 5 pg. per 24 hours. The delay in involution of the uterus noted in this 
case cannot be ascribed to anj’^ hormone abnormalit}'^ and was no doubt 
attributable to JB. coli ; the condition cleared up within a Aveek. 

Case 65 (Table IV, Fig. 9). Dailj'^ analyses of hormone excretion Avere 
made in this patient during the last 7 days of pregnanc^^ Experience has 
shoAvn that it is probable that the maximum hormone excretion occurred 
a little before estimations AA^ere started, but the data aAmilable permit one to 
place the case in the category of high excreters. Tavo outstanding features 
are (a) the A^ery high excretion of pregnanediol G daj^s before parturition 
(130 mg.), and (b) the extraordinarily high A’-alue for combined oestrone 
(and pregnanediol) during the 18 hours which preceded parturition, viz. 3-0 
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and 60 mg. These values are partly due to the high urinary output, as 
on day 6 the excretion of pregnanediol per litre was only 64 mg. and during 
labour the oestrone per litre of urine was 1-64 mg. However, on days 3 
and 2 before parturition, when the amoimt of urine passed was consider- 
ably greater, the hormone values were only 50% of those stated above 
and indicate that on day 6 and at the onset of labour the secretion also 
was on a high plane. 

The fall in the values for pregnanediol after day 5 suggested the near 
approach of parturition but subsequent jdelds, particularly those during 
labour, made it impossible to determine when parturition would occur. 

On the whole, the curves for the three hormones show remarkable 
coincidence in outline. During the 24 hours immediately following partu- 
rition the fall in the level of oestrone is much more marked than that of 
pregnanediol, which has, however, complete^ disappeared from the urine 
before the 4th day postpartum, when there are stiU 13 pg. of oestrone 
excreted. This is rather more oestrone than has been found in others on 
the 4th day postpartum, and, taken in conjunction with the high excre- 
tion during laboiur, may have had some connexion with the engorgement 
of the breasts observed on the 4th-5th days of the puerperium. 

The remaining two cases in this group. Nos. 63 and 64, can be taken 
together as the data cover so short a period (Table W). The output of 
both oestrone and pregnanediol in ease 63 was high ; 4-2 mg. during the 
day preceding parturition is an exceptionally high figure for oestrone 
(i.e. 3-3 mg. per litre of urine). Unfortunately, as onlj’^ 328 ml. urine were 
passed during the 9 hours preceding labour no estimation could be made 
of its oestrone content; the pregnanediol recovered from 310 ml. gave the 
high yield of 123 mg. per 24 hours and indicates that a peak in excretion 
occurred at the onset of labour such as lias been noticed also in case 65.^ 
Similarly, the figure for oestriol shows a slight increase on that of the 
previous 24 hours, an increase which was certainly greater than that 
shown, as owing to lack of urine, the 310 ml. used for pregnanediol was 
used for oestriol estimation after having been treated with butyl alcohol 
which would remove most of the oestriol. 

The rise in pregnanediol excretion immediately prior to parturition 
observed in case 63 (ns also in ca.se 6.5) again demonstrates how little 
indication of the approach of labour is provided by the anah’ses of these 
hormones in this form. 

No sjieeimen was obtained immediately postpartum, but it is interesting 
to note tliat as much as 60 pg. of oestrone was being excreted 2 davs after 
parturition. 

1 he liormone output of case 64 (I'ig. 10) is low hut . as the analv.-es were 

* lliii cveour* in C2 (u.frn). 
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nof. cojninciicofl utilil 4 days hcforo jjariurition, it is probable that the 
])oak oi c'xcaetion avjis already passed. It is noticeable also that on days 
and 2 the urinary output was small; on day .‘i, on the basis of the yield 
j)er litre, the lipure for j)regnancdiol renehes a more normal level (G2 mg.). 
]' uri bermore, during the 2J hours immediately after parturition as much 
oesirone was excreted as in the .same period preceding parturition, and 
fully twice as much ocstriol, a fact wliieli rather suggests faulty elimina- 
tion, csj)ceiaily when taken in eonjunetion with the low urinar}' e.vcrction. 
li'our days after dclivci-y the oestrone content had fallen to 5 fig. 

Examining this group of eases as a whole, one .sees that the range of 
normality within even so small a grojij) is very considerable, as the peak 
values given in Table V slu)w. 

Table V 



Ot'.st rono 

3'rr'pnnnf'fliol 

Oc.sfriol 


nip. 

inp. 

mp. 

-18 

a 

02 

20 

01 

fj 

127 

2‘{ 

O.T 

a 

lan 

17 

o;i 

■1 

123 

9 

01 

1 

•12 

10 


Allowance has to bo made for tlic probability that higher values were 
reached by eases G3 and 04 as already stated. 

Of the five patients showing abnormal features (Table VI), three gave 
birth to stillborn children, and in one instance (Case 66, Fig. 11) the child 
had been dead for about 3 weeks before the patient was admitted to 
Jiospital for artificial induction. Tlie author is indebted to Dr. Susanne 
Paterson for particulars of the case and for permission to make the 
hormone analyses. During the 4 days prior to induction, the excretion of 
combined oestrone remained stationary at tlie low figure of 50-60 fig. 
per diem, and the combined oestriol at O'G to 0-S mg. ; a 50% drop in the 
latter occurred on the day before parturition associated vdth a very low 
urinary output. Pregnanediol excretion was at the low level of 20 mg. 
4 days before induction and fell still lower. On the daj”^ that labour was 
induced, the injection of 40,000 1.U. ‘Progynon ’ may have been responsible 
for the 100% increase in the excretion of combined oestrone and pregnane- 
diol per litre. The low recover}'' of injected oestrone on this day and that 
following is in keeping with the experience of many others [Siebke, 1930; 
Siebke & Schuschania, 1930; Zondek, 1931; Robson, MacGregor, Illing- 
worth & Steere, 1934] but is very striking in this case when so large an 
amount of oestrone was administered. 

In view of the presence of histidine in the urine of Avomen giving a 
positive Ascheim-Zondek reaction [Kapeller-Adler & Haas, 1935], tests 
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for this substance were kindly carried out by Dr. Kapeller-Adler on three 
specimens from this patient, all of which gave a weak positive. This is of 
special interest owing to the length of time that the foetus had been dead. 

Cases 62 and, 67 (Table Figs. 12 and 13) have in common not only 
the fact of still-birth but also an extraordinary rise in the excretion of 
pregnanediol during the last 8 or 10 days of gestation which culminated 
in a sudden outburst shortly before labour: in case 62 this occurred during 
the 12 hours immediately preceding labour and coincided with a large 
urinary output (2,440 ml. per 24 hours), thus again illustrating the part 
played by the kidneys in hormone elimination. Although the excretion 
for the 24 hours exceeded 100 mg. pregnanediol, actually per litre the 
figme was not high, viz. 43 mg., but during the fortnight from the 25th 
to the 10th day antepartum the excretion of pregnanediol had been much 
lower and was relatively constant in the neighbourhood of only 20 mg. 
per litre, or 40 to 50 mg. per diem. That the latter figure should suddenly 
touch 100 mg. suggests that there had been retention of progesterone due 
possibly to a faulty conjugation of the glucuronide in the fiver, as sug- 
gested by Brovme, Henrj’^ & Venning [1938]. Although no oedema or 
toxic symptoms were manifested by case 62 (the patient complained only 
of tiredness), the author feared that gestation was not following a normal 
course in view of the low level of pregnanediol and notified the physician 
to this effect three weeks before parturition. Reference to case 64 (above) 
shows that even lower values (30-40 mg. pregnanediol dailj') may be 
encountered in the last few days of an entirely normal pregnancj’, but 
data covering so short a period do not show from what levels (at, say, 
12-8 da}'s) excretion had fallen. A comparison with the figures 25-10 
days before the end of gestation in cases 48 and 61 (the only ones in which 
data are available for this period) confirm the opinion that the values 
were below normal. Reference to the chart of eight normal cases given 
by Venning [1938] supplies further confirmation of this, although, in a 
personal statement, Dr. Venning affirms that, in her experience, entirely 
normal pregnancies have been associated ^vith ‘low values’, but how low 
she docs not saj*. 

TIio figures for combined ocstrone and combined oestriol do not show 
any marked abnormality except perhaps in the flatness of the falling curve 
from the eighth day onwards. Smith & Smith [193S] have found an 
association between low values of oestronc and toxaemia of pregnancy, 
hut those of case G2 do not strike one as very different from, for example, 
case .55. In view of the fact that no foetal life was felt from 4 days ante- 
jiartum, one examines (1) the hormone output immediatoly preceding the 
deatli of tlie foetus and (2) any a'^sociated deficiency occurring over a 
longer iH'riod which miglit account for the undcr.-ir.cd condition of the 
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child nl birth (wt. 5 lb. 0 oz.)- Obviou.sly the fall of ocstronc sj'^nchro- 
iiiziiig with a niarlccd riac in llio excretion of jircgiiancdiol between days 
!) and 4 aidcpartutn waa aasociated with the death of tlie foetns ; and a low 
jjrcgnanediol cxorcl ion, accompanied j)robal)l3' b^' a low secretion of pro- 
gesterone over a prolonged j)criod may have becji largely responsible for 
its nndcrdcvelopment. It is of interest that it was after the child was dead 
that the excretion of pregjiancdiol reached its maximum, as though some 
inhibition had been released. That the idaeenta was functioning up to 
the time of labour is shown b}’’ the fact that a Hogben test kindl}’’ per- 
formed bv t he Pregnane}' .Diagnosis Laborator}' on the urine passed at tiie 
commencement of labour symptonifi gave a strong positive reaction. 

The increased elimination of pregnnncdiol obscrv'cd during the last 
10 days of gestation in the ease of No. 02 was encountered in case No. 67 
but at a much greater level, and was associated with .s^miptoms of 
severe toxaemia (Table VT, Fig. I.*!). On admission to hospital on 10 May 
her albumin was .some improvement occurred under treat- 

ment but it was again -f-b-f at labour (25 IMay), becoming negative 
the following dny. The albuminuria w’as accomj)nnied high blood- 
pressure (172/90) which did not fall until 3 daj’s before laboiu*. Although 
no foetal heart was hoard during the last fortnight of gestation, death 
maj’- not have taken place until a short time before deliver}’’, the patient’s 
exceeding stoutness rendering it impossible to discern the heart beats. 
The weight of the child (10 Ib. S oz.) sho'ws fxdl-term development. 

The liigh hormone output — markedly excessive in the case of preg- 
nanediol — is the outstanding feature of case 07. The fact that this does 
not apply to oestriol suggests that, as was probably the case in patient 
No. 62, only a small part of the progesterone represented by the colossal 
pregnanediol output -was actually functioning (in the conversion of oes- 
trone to oestriol) and that the major portion represents stored or faultily 
combined sodium pregnanediol glucuronidate which was associated with 
the toxic condition present, either as a contributor}’- cause or its effect. 
The highest value for pregnanediol given by Venning [1938] hi a chart of 
eight normal cases ivas 100 mg./24 hours. At 11 days before parturition, 
when only 1,250 ml. urine were passed, case 67’s output ivas 158-5 mg./ 
24 hours, and 3 days antepartum 274 mg. The actual amounts of sodium 
pregnanediol glucuronide for the 2 days in question were 239 and 413 mg. 
respectively. When the pregnanediol is charted per litre of urine instead 
of per 24 hours, the curve is similar in outline to that given per diem. In 
this instance, therefore, the kidneys did not play so obvious a part in 
hormone elimination as in certain cases ; nothing is known, hoivever, of 
the urinary output prior to the 13th day, and if this ivas loiv, a different 
conclusion would be justified and a case made out for intoxication with 
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retained progesterone. A further noteworthy point is that even 24 hours 
before delivery the pregnanediol excretion was still very high: 134-5 mg., 
or 128 mg. per litre of urine ; yet labour lasted only 2 hours. It was most 
unfortunate that, owing to an accident, the labour specunen was lost. 
The high excretion of combined oestrone during labour is an unportant 
feature — actually it is the same amount as was excreted by case 65 during 
labour. 

In contrast with the weak positive reaction for histidine obtained bj’ 
Dr. Kapeller-Adler in case 66 where the foetus had been dead for some 
weeks, the urine of this patient 13 and 11 days antepartum was entirely 
negative. Dr. Kapeller-Adler is reporting on a series of such toxaemias 
in which similar findings were obtained. The relation between gonado- 
trophic hormone and the liver demonstrated by Kapeller-Adler & Boxer 
[1937] suggests that abnormal liver function may exist in such toxaemias. 

It would seem that the prevailing opinion is that late pregnane}* 
toxaemias (eclampsia and pre-eclampsia) are associated uith loiu levels 
of pregnanediol and therefore an insufficiency of progesterone. Browne 
el al. [1938] report one severe case in which the excretion was only 7-3 mg. 
per 24 hours at 250 days, and WeU [1938] states that in all cases of severe 
toxaemias, clinically pre-eclamptic, none of the compound (pregnanediol) 
could be recovered. Stover & Pratt [1939] also report low values. Those 
who have treated the condition with progesterone are Robson & Paterson 
[1937] — 12 cases, and Marsden [1937] — 8 cases; the former state that the 
maternal death-rate was lower than in a year when no treatment was 
given, and, according to Marsden, none of his patients developed fits 
but in only three was there an appreciable fall in blood-pressure after 
treatment. Smith & Smith [1938] are of the opinion that in toxaemias 
of pregnancy (eclampsia and pre-eclampsia) there is primarily an excess 
of ‘prolan’* but also a deficiency of progesterone resulting in a reduced 
conversion of oestrone to ocstriol and consequently a greater destruction 
of all the oestrogens. Such cases were treated with large amounts of 
progesterone and oestradiol benzoate but showed no clinical improvement. 

Savage & Wylie [1937] and .Savage, Wylie fc Douglas [1938] contrasted 
a scries of toxacmic patients having chronic nephritis or prc-cclampsia 
with a group of normals and demonstrated a definite lowering in the 
levels of oestrogen excreted in late pregnancy; oestrogen therapy, how- 
ever. caused no clinical improvement. An oestrogen-prolaji imbalance 
has been jwstulnted by Smith & Smith [1937]; Nicol [193SJ attributes 
eclainjisia to an increase in the amount of oestrogen in the blood. 

It is clear fnun the data obtained in the case of jiaticnt No. 67 that 

' Dr Knj»'U<-r-.\iUi’rV tie-.ilm.' in thi- it’.-.a.j O' rr.^r- J.rrr- i! -.rri!--! 

^ t !ir\t A 'j (■ '.’"7 of * prv'!;'.!; * J. 
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colnin])sia cntmol. ho nncriho(l to a Jack oiMicr of progesterone or of oestro- 
gen or of hath, alfliongli it may often ho found in sucli circumstances, 
and tliat. some other factor, common to all, imiai he responsible. Since 
■wo arc concerned with ascertaining only whether an hormonal imbalance 
e.vists in sucli conditions it i.s not intended to discuss the part possiblj' 
]ilnycd by ])lacenlal infarction [llnrtholomcw & Colvin, 19.'18], hyper- 
tensive arterial discaso [Dicclcmann & ]kown, 1038], the custom of salting 
food [do Snoo, 1037], or tho increased efl'ccts of the posterior pituitary- 
adrenal .sj’stcm duo to lack of neutralization of these hormones in the 
liver [Ilofljaucr, 1037]. 

Case 6S has been difTicult to assess accurately owing to the loss of urine 
duo to incontinence (the patient sulTcred from p^’clitis and disseminated 
sclerosis). The allowances made for such losses were based on the esti- 
mates provided by the nursc-in-charge. Tlic birth was premature by 
about S weeks (weight at birth a lb. .'U oz.), but tho infant was successfully 
reared. Tlierc was severe ji^'clitis and albumen was present in the urine, 
this was -{-4- J^t 5 days antcj)artum, at 3 daj's, a trace during the 
2 subsequent days, and for the 4 dn 3 ’s postpartum again Her tempera- 
ture was 102° and pulse 104 from the Gtli to the third days antepartum 
when the temperature fell to 100-C°; before labour there was another 
drop to 00° and thereafter it was steady at 97-2°. Her liighcst blood- 
pressure during the period was 132/SG. 

Tho hormone output for the short time covered was low in all the forms 
anal 3 'scd, but cspeciall}’’ in combined oestrone. Two items are of interest: 
the rise in combined oestrone during labour — a rise whicli is doubtful 
owing to the difficultj’’ of computing a 24 hours’ output on a single 4 hours’ 
collection ; also the fairlj’- high excretion of pregnanediol in the 24 hours 
immediately postpartum in relation to the output prior to labour. 

Case GO, the last of tho group showing abnormal features, was excreting 
both oestrogen and pregnanediol at a fairlj'^ high rate up to the com- 
mencement of labour (Table VI). The notable feature in this case, how- 
ever, is tho amount of hormone excreted 2 daj'S after deliver}’': 19 mg. 
pregnanediol and 2-G mg. combined oestriol. The extract was exliausted 
before the unit of combined oestrone was reached. Even at 5 daj’s post- 
partum pregnanediol was recovered (1,720 ml. mine used). It is possible 
that this slow hormone elimination was partly responsible for the mastitis 
which developed, as generally by the second day no traces of oestriol are 
found. 


Hormone values in the piierperium 

Postpartum urines were examined in order to ascertain whether the 
systemic changes associated with the establishment of lactation, par- 
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ticularly the engorgement of the breasts which occurs about the oth day, 
were accompanied or preceded by hormone excretion. The appended list 
of values (Table VII) shows that a considerable amount of pregnanediol 
was recoverable during the 24-hour period immediately following delivery, 
more especially when the first urine passed was included. The values 
varied greatly, depending largely on the rate of excretion at the time of 
labour, viz. 38, 16, 17, 58, 25, 3 and 6 mg. A comparison with the amounts 
excreted before parturition shows that generally a drop to a half or a 
third of tte antepartum value of pregnanediol occurred at parturition. 
Numerous instances can be found on the charts of drops of equal or 
greater magnitude towards the end of pregnanc 3 ’’ without labour changes 
ensuing. In two instances the postpartum values are only a little below 
those at the onset of labour: patients 64 and 68 excreted 16 and 25 mg. 
compared with 25 and 38 mg, before labour; in case 64, however, it is 
probable that a low urinarj’^ output was associated with fault 3 ’’ hormone 
ehmination. In one of the stillbirths (case 66 ), no trace of pregnanediol 
was found in the postpartum specimen, which is not surprising when one 
considers the length of time that the child was dead. Patient 67 (another 
stillbirth), on the other hand, has a drop of onl 3 ’^ 60% of her previous high 
excretion and passes after delivery as much as some excrete at their 
maximum (58 mg.). The third stUlbirth experienced a sudden and ver 3 " 
marked drop from 104 mg. to 6 mg., similar to that in oestriol though less 
marked even than this (11-3 mg. to 0-3 mg.). On the whole, the elimina- 
tion of pregnanediol at parturition was proportionatel 3 ' less than that of 
oestriol, 3 'et all traces of pregnanediol had usuall 3 ' disappeared b 3 ' the 
second day after dcliver 3 ’, whereas 5 and 8 ^g. of combined oestrone were 
being excreted 4 days postpartum. The possible connexion between the 
slow hormone elimination and the occurrence of mastitis in case 60, in 
whom the values were still high 2 da 3 's postpartum, has alrcad 3 ’ been 
discussed. On the 4th da 3 * after parturition Wilson, Randall & Osterberg 
[1939] recovered a mean value of 6-0 mg. pregnanediol in 1S% of their 
cases, but in the remainder negative or minimal amounts were obtained. 
Table VH .shows that at 4 da 3 -s postpartum combined oestrone was being 
excreted in amounts ranging from 5 to 13 /ig. That this hormone was 
not responsible for the breast development normalh- occurring about the 
.51 h day is indicated by the fact that in each of the three stillbirths no 
brc.nst enlargement occurred although the oc.strogcn levels were similar 
to lliose found in normal cases. 

In order that a clearer idea ma 3 - be obtained of the relation between 
the combined oe.strogeus in the same sample of urine, Table VUI gives 
the equivalent of urine used for a.ss.a 3 ' on mice in the ca^es of three normal 
and two abnormal patients. The marked rise in bonnone excretion wb.ieb 
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occurred iti ease -IS at (lie (inii uuiiiMi is evident; also (Imt there is little 
change in the ainonnts of urine used during (lie last week of gestation. 

■Di.sctr.s.sioN 

It has l)een (ho aidhor’s endeavour (o prc.scnt da(a regarding the hor- 
mone c.vorction in j)regnan(. women apjiroaching labour which would 
tlirow .some liglit on the ehange.s which (alee place at fiarturition, in the 
hope that it miglit he jmssilile to say (a) that at so many daj's after 
a specified change jiarlurition i.s sure to occur, and (/>) that labour 
occurs when (he hormone relationshi}) or concentration is of a certain 
nature. 

Two obvious defects occurring in (be investigation have to be accepted 
before an evaluation of the data can be made, viz. the absence of 
information regarding the amount of free oestrogen e.vcretcd at the end 
of pregnancy, niul also of the amount of gonadotroidiic hormone. Analyses 
of the former arc in hand and the relationship between the various ocstro- 
gens and jiregnajicdiol in the same specimen of urine is being ascertained. 
The second drawback to any hormone analysis involving the oestrogens 
is the fact that not onl^' is an unknown proportion of the oestrogens 
formed in the body unrecoverable by present methods but also aug- 
menters exist which maj' play an im 2 )ortant j)art in determining their 
idiysiological i)otcncics [Emmons, 1039; Callow, Callow, Emmens & 
Stroud, 1939]. The data do, however, i)rovide valuable information, not 
hitherto aA’^ailablc, as to the relationship between pregnanediol and the 
combined oestrogens in some eases of normal and of abnormal gestation, 
using the same methods of analj’sis. In interiwcting these data the reader 
is reminded that the face values of combined oestriol should jirobabl}" be 
increased by 40-50%. 

It is evident that great differences exist between individuals (and in 
the same individual) not onl^”^ in the amount of hormone excreted but in 
the relationshiiJ between the three substances — combined oestrone, com- 
bined oestriol and ijregnanediol. Generali}’- siDcaking, a high excretion of 
pregnanediol is associated with a high excretion also of combined oestrone 
and is reflected in the level of combined oestriol, but there is no direct 
relationship in point of time, as the following ratios of combined oestrone 
to pregnanediol show (expressed in mg. recovered) — 5-3 : 127 (case 61) ; 

3 ; GO (case 48) ; 2-4 ; 60 and 2-2 : 130 (both in case 65). The colossal outimt 
of pregnanediol in cases 67 and 62 a little before parturition seems to 
have borne only a slight relationship to the oestrogen excretion, which, 
in the latter, was falling during the whole period of the rise in pregnanediol. 
The absence of a quantitative relationshiiJ between the three hormones 
is surprising in view of the calculations of an oestrogen/progesterone 
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ratio arrived at in experimental animals [Courrier, 1935; Robson, 1936], 
the castrate monkey [Hisaw, 1935 ; Engle, Smith & Schelesnyak, 1935 ; 
Zuckerman, 1937 ; Comer, 1938 ; Engle & Smith, 1938 ; Hisaw & Creep, 
1938] and the human castrate [Kaufmann, 1935 ; Elden, 1938]. Comer 
[1938] estimates that in the prevention of endometrial disintegration, 1 mg. 
of progesterone is physiologically equivalent to 200 to 300 1.U. of oestrone. 
If the record of case 48 is examined on this standard, and allovrance is 
made for the fact that only 42-70% of the progesterone secreted is re- 
coverable in the urine as sodium pregnanediol glucuronide [\’'enning & 
Browne, 1938], the balance is considerably in favour of progesterone tmtil 
the 250th day, after which the ratio above mentioned is attained and 
frequently passed in favour of oestrogen. 

It required daily hormone analyses (as in the case of patient 48) to 
reveal what may be the nature of the normal excretion of hormones at the 
approach of parturition, viz. a rhythmic rise and fall. K this be borne in 
mind it becomes less perplexing when one observes that in spite of a 
marked fall in the level of oestrogen seen in several of the charts, labour 
does not ensue. Robson [1939], as the result of experiments on rabbits, 
advocates the oestrogen-deprivation theorj*^ of partrirition, others that of 
progesterone-deprivation. The frequent occurrence of a peak of excretion 
of pregnanediol and/or of oestrogen during labour inclines one to the 
opinion that the body, during the last fortnight and especiallj- during the 
last 8 or 10 days of gestation (i.e. covering the ‘peak’ period), is engaged 
in a process of lowering the hormone level by means of hormone elimina- 
tion and it is immaterial, therefore, whether labour takes place when the 
rate of excretion is high or low. Furthermore, it has been shown that, in 
terms of values, the drop in pregnanediol which occurs at parturition is 
frcquentlj' of less magnitude than occurs on a single day during the last 
2 weeks of gestation, and, also, considerable amounts of the glucuronide 
arc recoverable iinmcdiatclj' after dchvcrj'. The .same applies to the 
excretion of the combined ocstrogens. It is clear, therefore, that, in the 
human subject, a marked lowering in the level of the combined ocstrogens 
and/or of progesterone is insufiicient to initiate the labour changes, and 
that the hormone concentration is never such that one can envisage the 
exact day of parturition. 

iSinco the .secretion of the ocstrogens and progc.«tcronc in the non- 
lircgnant animal is commonly held to be under the control of the anterior 
pituitary, the obvious conclu.sion from the data presented is that the fall 
in concentration of both of these hormones is due to a dem-ase in the 
gonadotrophic secretion of the pituitary. Such a theory in explanation of 
jtarturition was recently j)ut forward by Robson [1040] and is b.a^^efl mainlv 
('ll the fact that jiregnancy is terminate^:! in the rabbit 24— hours after 
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liyjiO])l)ysccloniy but can bo mnintaincfl for 5 or 0 days after removal of 
Ibe iiyj)opIiy«i.s if oestrogen or progesterone is administered. TJiat this 
was not adequate rcplacenicnt thora])^' is shown by the fact that, with a 
single exception, all the foetuses were born dead, Tlie manifest rh3’thm 
observed in Ibo falling e.xcrel ion of oestrogen and pregnancdiol, markedly 
demonstrated in case <1S, 1 bough conceivabl}' controlled b^' waning hj'po- 
pli^’seal activity, suggests rather a positive stimulus, rurthermorc, 
although a diminished gonadotrophic .secretion is clearly” demonstrable 
at the end of gestation in that the Aschheim-Zondek test for pregnancy is 
frequently' negative after the 7th month, tlic fact that this is true so long 
before term tends to militate against Robson’s theory’. jMoreover it has 
been sliown by'’ Kennedy [lO.'b'lJ that the concentration of gonadotrophic 
hormone in the blood reaches its maximum during the .'12nd-40th weeks in 
Juiman pregnancy, and follows in the main, the curve of oestrogen and 
pregnancdiol excretion. 

It may not be amiss to ask when labour changes can be said to com- 
mence. Probably 21-2S day^s before parturition ; in short, they' date from 
the commencement of the ‘peak’ period in combined oestrogens and 
pregnancdiol, a period charactcri'/.cd by a gradual but marked rise to a 
maximum excretion reached about 9-5 day’s before parturition, foUo'wed 
by’ gradual fall. It is during the latter time that, according to Cohen et al. 
[1935] there occurs a rise in the free forms of oestrogen — a change which, 
they’ suggest, may' prove to be an imimrtant factor in the initiation of 
labour. In these studies our concern has been with the initial changes 
rather than v’ith the culminating act. The hormone disturbance which 
takes place during the last three weeks of gestation may denote an 
increased hormone secretion by the placenta; the object of the rise in 
combined oestrone being to antagonize or reduce luteal activity (proges- 
terone), i.e. to arrest the action of the hormone which, up to this stage, 
has been mainly’ responsible for uterine quiescence, and, therefore, for the 
maintenance of the pregnant condition. 

However, since there is a simultaneous increase in progesterone output 
(as determined by the pregnancdiol glucuronidate recovered) the alterna- 
tive possibility presents itself, viz. that this period of peak excretion is 
mainly a period of elimination, the purpose of which is to lower mthin 
the body the concentration of aU those hormones that are intimately 
concerned with the maintenance of the pregnant condition and to which 
the following functions have been attributed by various authors : 

(a) The production (by oestrogen) of hy’peraemia in the uterus, as the 
result of which there is a significant rise in its metabolic activity as 
well as an augmentation of uterine groAvth [Barcroft & Rothschild, 
1932; Markee, 1932; Neumann, 1934; Buchheim & Zalesld, 1930; 
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Courrier & Bouin, 1929] witli resultant activation of the uterine 
muscle [Reynolds, 1938; Reynolds & Foster, 1939]. 

(6) The suppression of the follicle-stimulating hormone of the pituitary 
by oestrogen, a function which is generally accepted. There is evidence 
to show that oestrogen also promotes the release of the luteinizing 
hormone in some species [Hohlweg, 1934; Fevold, Hrsaw & Greep, 
1936] whereas progesterone inhibits its release and also prevents 
ovulation [Makepeace, Weinstein & Friedman, 1937 ; Dempsej’’, 1937 ; 
Astwood & Fevold, 1939]. 

(c) The inhibitory effect of progesterone upon uterine reactivity to oxy- 
tocic substances as observed in some species [Knaus, 1929; Robson 
& lUing^vorth, 1931] but not confirmed by others in the human 
subject. 

From the above it would seem that, on the positive side, we have a 
hyperaemic uterus greatly augmented in growth and with its metabolism 
raised and its myometrium well developed ; on the negative side, pituitary 
activity is suppressed and, possibly, uterine motility also. In spite of 
this, it is known that the concentration of luteinizing hormone in the 
blood increases during pregnancy [Kenned 5 % 1933], although that in the 
urine decreases. Apart from the primary function of these hormones, 
described above, the purpose of so great a concentration prior to parturi- 
tion is not clear. The process of hormone elimination apparently reaches 
n maximum a few daj's before labour and, aUomng for the fact that the 
hormone content of the urine must lag a little behind the initial processes 
giving rise to it, there is time for other factors to come into play which 
precipitate the act of labour. The data have shown that in the process 
of hormone elimination the kidneys play an important part. Other fac- 
tors, such as the mcclianism for the conjugation of oestrogenic glucuro- 
nides in the liver and, possibly, elsewhere also, must function on an 
increased scale. It may well be that the increased hormone elimination 
occurring jirior to labour is directly connected with a lowering of the 
blood-supph- in the uterus, the withdrawal of the liypcraemia-producing 
oestrogen causing a partial anaemia [Barcroft & Rothschild, 1932]. If 
one accepts the theory that luteal activity is maintained by oestrogen 
[as demonstrated by Allen, 1937; Hcckcl & Allen, 1939; Robson, 1939; 
and others] a further need for lowering the level of oestrogen presents 
itself; yet it is not clear that a fall in oestrogen precedes the fall in pro- 
gesterone. It seems likely that the hormone-deprivation theory (cither in 
the terms set forth by Rohson [1939] or by Conicr [193, S] in c.vplanation 
of menstruation) is hardly adequate to cover all the jirocesies involves] 
in the onset of labour. 

'Ihe data have been examined in onlcr to ascertain whether the lencth 
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of the Inborn- ])rocon,s could be rclntcd in nuy wiy to tlio values for com- 
bined oestrone and j)regnanediol during tbo ‘peak’ period. The shortest 
labour — 2 hours — was experienced by case (57, a .severe eclnniptic vho 
gave birtb to a .stillborn child and ivho.se innxiinum excretion of combined 
oestrone in 2-J hours ivas mg. Jn tivo i)atients ivith almost the same 
output (2-0 and 2-0 mg.) labour Instcfl 7 and 17 hours respective!}', and 
still higher values — •1-2 and mg. were a.ssociatcd with labour lasting 
and 10 hours. It is obvious, therefore, that a high oestrogen c.xcre- 
tion during the ‘jionk’ jicriod does not ensure a short labour, and it is of 
interest that the patient, with pyelitis (case 08) in whom the level of 
combined oestrogen was low (maximum O-o mg.) Jiad a short labour of 
only •!.] hours. 

A similar lack of correlation is observable between the length of labour 
and the rate of excretion of jircgnancdiol during the peak period, as the 
following figures show: 27‘J mg. pregnanediol — 2 hours labour; 12.3 mg. 

^ — 15i[J hours ; 101 mg. — 27;';[) hours ; 127 mg. — 10 hours ; 42 mg. — 4^ hours; 
42 mg. — 14 hours. 

Reference has been made to the ni)pnrcnt existence of a rhythmic rise 
and fall in hormone excretion during the last .3-^4 weeks of gestation. It 
may well be that the stimulus controlling this rhythm is that which is 
responsible for initiating labour and parturition. 

Comparison of the data for normal pregnancy and for toxaemias pro- 
vides no evidence of the existence of n ‘hormone imbalance ’ in the latter— 
a phrase too loosely used, seeing that the balance in normal gestation is 
so variable. An abnormal outcome of j^regnancy ma}' be associated 
equally with low and with high hormone values, and the figures for a 
severe eclamptic given in this report clearly demonstrate that a high 
oestrogen and pregnanediol excretion may characterize the condition in 
certain cases. The necessity for the accumulation of consecutive data in 
a large number of normal pregnancies and toxaemias is obvious. 

In the course of this investigation, which has covered a period of 
2 years, improved methods of extraction and separation of the urinary 
oestrogens have been reported [Callow ci al., 1930; and Smith, Smith & 
Schiller, 1939]. In order that the data might be of value for purposes of 
comparison no change in the method was made; also, on the further 
series in hand the same method has been employed. 


StTMMAKY 

1. The excretion of the combined oestrogens and of pregnanediol has 
been examined in women during the last 2-3 weeks of pregnancy, labour 
and the puerperium, in the hope of establishing a normal relationship 
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between the excretion of these substances with which abnormal pregnan- 
cies and cases of toxaemia might be compared. At the same time the hor- 
mone changes associated with labour, parturition, and the establishment 
of lactation were examined. 

2. The series comprises normal pregnancies and toxaemias, and also 
one normal woman followed throughout the whole course of pregnancy. 

3. No definite quantitative relationship between the hormones could 
he established, although a general similarity-in the outline of the curves, 
but without coincidence, was observed in normal cases. 

4. During the last 3 weeks of gestation a marked increase in the excre- 
tion of combined oestrogens and of pregnanediol takes place, the maxi- 
mum excretion being attained generally 8—10 days before parturition. 

5. Daily hormone analyses indicate a rhythmic rise and fall in oestrone, 
oestriol and pregnanediol values prior to labour and the controlling 
stimulus of this rhjdhm may be responsible for the onset of labour. 

6. The purpose served by the high excretion of hormones prior to 
labour is discussed as also the relation between labour and hormone 
elimination, oestrogen-deprivation and progesterone-deprivation. 

7. Frequently the kidney played an important part in lowering the 
level of hormone-concentration in the body by furthering elimination. 

8. No connexion exists between the amount of combined oestrogen and 
pregnanediol excreted during the ‘ peak ’ period and the duration of labour. 

9. It was impossible from hormone analj'ses to forecast the day on 
which labour would commence, as it might occur equaUj' at the top and 
at the bottom of a rhythmic rise and fall in hormone excretion. 

10. In the group of toxaemias high values for oestrone and verj’ high 
values for pregnanediol were found in a severe pre-eclamptic ; and a 
sudden marked rise in pregnanediol followed intra-uterine death in another 
patient. 

11. The need for data of relative hormone values taken at frequent 
intervals in large numbers of normal and abnormal gestations is pointed 
out. 

The exi)enscs of this investigation were defraj’cd by grants from the 
l^ledical Researcli Council. The author is greatly indebted to Professor 
K. W . Johnstone and Dr. Edwin M. Robertson for cases at the Haig 
I'erguson Memorial Home and Wc.stern General Hospital, to- Dr. R. Thin 
for ease fi7 and to Dr. 8usannc Paterson for ease CO; also to the Matron 
of the Haig Ferguson Memorial Home for her willing co-operation and 
to Mrs. M . (case -tS), whose aid was invaluable. Professor Marrian’s 
heljiful criticism of the script is gratefully acknowledged. 
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Table II. Excretion of oeslrogens per 2d hours at the end of gestation 
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Tnblo III. Daihj excretion of oestrogens and prcgnanediol ihrongJiout 
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Hormone values hi 
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Table VLU. Equivalents of 

urine used to obtain oestrogenic effect {combined 

oesirone and combined oestriol) at different stages of gestation 
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DAYS BEFORE PARTURITION 


DAYS BEFORE PARTURITION 


Fio. 1. (CfiKO Cl, Table II) = Fio. 2. (Case 52, Table II) X***X == cembinod 

combined oc3lriol(OL),B B = com- oestriol (OL), ■ B = combined oestrono (0), L 

bincd oestrono (0), L <= labour. — labour. 


MG 



DAYS BEFORE PARTURITION 


Fig. 3. (Case 53, Table II) X • • 'X = com- 
bined oestriol (OL), B B = combined oes- 

trono (O), L = labour. 





Kill. r*. (Cnsn Tnhln II) combinrd Klo.G. (CA*^o5S»Tnbi'* IJ) X***X ^ 

cx'^inol (Ol«), M— B »- combinfvl <yys\ronr* (O), L corijbjnMo<*5tr3o!(OL),B— B -- coni- 

Inboar. biiiT'il o^tron'' (O), L <r-. labour. 
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DAYS BEFORE PARTURITION 

Klfi. To. {C-vio Tftt'’.*} Ill) X**"X •• roTi'.l-r.''! lOl.'l, ■ 1 .. r-.ft. ! 
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Fio. 8. (Caso 01, Table TV) X***X = combined oostriol (OL), ■ ■ = combined 

oostrono (0) and 0—0 = prognanodiol (PL), L = labour and P = parturition. 


MO 

140 



Fig. 9. (Case 05, Table IV) X • • • X = combined 

oestriol (OL), ■ ■ = combined oestrone (O) and 

Q o = pregnanediol (PL), L = labour and P = 

parturition. 
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DAYS BEFORE PARTURITION 


Fig. 1 0 . (Case 64, Table IV) X • • • X = 
combined oestriol (OL), ■ ■ = com- 

bined oestrone (O) and Q — O = pregna- 
nediol (PL), P = parturition. 
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Pig. 13. (Cnso 67, Table VI. Sovoro 
eclampsia) X • • • X = combined oestriol 

(OL), ■ ■ = combined oestrone (O) 

and O — O = pregnanediol (PL), L = 
labour and P = parturition. 



A QUANTITATIVE AND QUALITATIVE TEST 
FOR STEROID HORMONES BASED ON THE 
OVIPOSITOR REACTION OF THE FEMALE 
BITTERLING {RHODEUS AMARUS BLOCH) 

By J. J. DUYVENfi DE WIT 

From (he Laboratories of Comparative Physiology and of General Zoology, Univer- 
sity of Utrecht, Netherlands 

{Received 3 April 1940) 

Under natural conditions, the female bitterling {Rhodens amarus Bloch) 
has a considerably lengthened ovipositor only during the spawning 
season (Plate I, Fig. 1). At other times the oviduct is either very short or 
invisible. Fleischmann & Kann [1932] showed that the ovipositor may be 
lengthened during the quiescent period by injection of follicular hormone, 
while Ehrhardt & Kiihn [1933] demonstrated that ovipositor growth 
could be provoked by the addition of the hormone to the aquarium water. 
Apparently the active principle can be absorbed percutaneously so that 
injection is unnecessary. 

None of the previous investigators has, however, analysed the quanti- 
tative relations of the ovipositor reaction so that it may be used for 
endocrine assay purposes. Such an analysis is undertaken below and the 
results discussed. These results raise a number of important issues which 
nail bo the subject of later publications. 

Factors Influencing the Onttositor Reaction 
Expression of ovipositor growth in vnils 

Before considering the actual analysis of the factors influencing the 
reaction it is ncccssar}* to evolve a uniform method for the expression of 
results. 

By observation of the .sensitivity of bittcrlings having ovipositors of 
diflcrcnt lengths it was apparent that the lengthening is approximately 
proportional to the length of the fish. An expression of results based on 
the actual length of the ovipositor is therefore cumbersome in that a 
sinuiltancous record has to be taken of the length of the fish. A con- 
venient method for expressing the Icncdh ns a proportion of the bodv- 
Icngth is to record the length of the ovipositor in terms of the Icn^rth of 
the first anal finrny. This latter bears a constant relation to the length 
of the fi-h and is also convenient, since it c.an l)e mcntallv divided into 

L 
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eight. cqu!il pnrt.s niul tlio rclntivc length of tlic ovipositor quickly and 
accurately estiniaterl hy the naked eye without disturbing the fish. The 
ovij)ositor length is expressed in anal fin units (A.U.), each unit being 
the length of an eighth part of the anal tinray. 'J’liis system of units is 
used throughout this jiaper. 'J’he relative ])ositions of the ovipositor and 
finray, and the cxj)ression of the ovi])ositor length in units arc shown 
diagraniniaticalty in Fig. 2. 

Accuracy oj ilic observations 

Fiftj^-ninc fish had their ovipositors measured 9 times consccuti\’ely 
during 2 hours. To obtain length.s greater than the normal a slow-acting 
substance was added ])rodueing lengths of 5-0 A.U., wJiich do not recede 
quickly ns do those obtained with the usual hormones (this substance was 
from a ])articular urine and contains a special hormone or derivative 
called lutcidinc [Duyvene do Wit, I937J). 

In 27 fish the recorded ovijiositor length was the same in each of the 9 
readings. In the other fish there was only one instance of a variation 
greater than 1 A.U. between the readings. Divergences of I A.U. are to 
be exiicctcd if the actual length is midway between two units. It follows 
tliat the exjicri mental error in the mcasia-ements need not be more than 
0-5 A.U. By taking two or more measurements of the ovipositor within 
a short period the error may be further reduced. 

In order to see wliether there is any s^'stematic error in the estimations 
the results of the above observations were idotted as a frequency curve 
(Fig. 3). Examination of this curve shows there may be a slight preference 
for the uneven numbers. That this apparent preference is fortuitous is 
shown in the frequenc^'^ curve given in Fig. 5. This curve was derived 
from a similar control series of measurements comprising 749 observa- 
tions. 

Ovipositor growth in relation to time 

In order to determine the necessary duration of an experiment to 
obtain an optimal result an experiment was carried out in which the 
average ovipositor growth of a number of fish was recorded for several 
hours under equal, constant, external conditions. The results are recorded 
in Fig. 4. This shows that for the 5i hours following the addition of the 
urine to the aquarium water there was no ovipositor growth, but that 
during the succeeding hours there was a regular growth of the ovipositor 
resulting in a straight-line graph. The preliminary 5h quiescent hours 
may be termed the latent period ; it being understood that the term only 
refers to the latency of the effect and does not mean that the hormone 
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Fini. Irt mill h. Koiiiiilo bittorlings during tho spnwning scnson with olongntcd ovipositors. 
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F/o. 2. Dingrammotic rcprc- 
mentation of tho female bitter- 
ling with anal fmray divided 
into eight parts showing tho 
length of tho ovipositor in 
terms of anal fm units (A.U.). 



Fic. 3. Frequency cur\'C of 9 con- 
eccutivo control mcastircments of 
ovipositor length in 59 fish. 



Fig. 4. Avemgo ovipositor growth follow- 
ing tho administration of urine. Tlio 
linear relation between grow*th and time 
is apparent. 



of o\ipo;tor hr-rth. 
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rcs[)onsil)lo for tlio effect/ is not active during tliis period. Individual 
records do not show such a strnigiit-Iine rclationsiiip such ns is shown 
in Eig. 4. In Fig. 7 arc recorded some of tlie individual results which 
when combined formed the average result given in Fig, 4. It follows that 
to attain nn accurate result the mean of a number of individual results 
has to bo determined. 

To discover the oj)timnl length of nn experiment for assay purposes a 
further experiment was carried out (Fig. G) in which a smaller quantity 
of the same urine ns used in the experiment above was added to the 
aquarium water. It may be seen that there is the same latent period of 
51 hours, a maximum response at J2-I4 hours and that beyond this 


AU. 





— 








■■ 


n 





■ — -J 

s 

!■ 




HH 









S 





am 






. 



. 


J 


o M a t3 te 30 30 JO JO JJ ••o 

Fxo. 0. Gro«'tl> curve of oWpositor for -18 Jiours following tho ndclition of urine to the 
nqunrium water in lower concentration than in Figs. •! and 7. 


period there is a progressive fall in the degree of ovipositor length. This 
experiment demonstrates that the latent period is independent of the 
quantity of urine added and that to obtain an optimal result the ovipositor 
length should bo measured 12 hours after the addition of the test sub- 
stance. 

Effect of temperature on ovipositor groivth 

In Fig. 8 are recorded the ovipositor lengths following the addition of 
the same urine sample to fish kept at different temperatures. Fig. 9 
shows the effect of temperature on the ovipositor length measured at 
different times after the addition of the urine. From the two figures it is 
apparent that the optimal temperature is 21-22° C., and further that 
although a higher rate of growth may be obtained during the first 10 
hours at 23° C. this temperature has an unfavoiu’able effect in observations 
taken over longer periods. It will be noted that over the greater part of 
the range there is a linear relation between ovipositor growth and 
temperature. 

Fig. 8 also shows that there is a progressive prolongation of the latent 
period as the temperature of the experiment falls. This relation is shown 
in Fig, 10. The range between 15° and 19° is too short to permit any 
calculation of the temperature coefficient. 

It may be concluded that the optimal conditions for assay pmposes are 
those of an experimental period of 12 hours at 22° C. 
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Fia. 7. Somo of tho individual grovrth curves 
obtained during tho construction of tho mean 
curve ( — ). 


Fxo. 8. Growth curve of the ovipositor rvt different tempera- 
tures following the addition of urine. 
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Udaiion brJwcc.n ovipoftihr (jrov'lh and concentration of tcM substance 

An cxj)crinicnt wns i)crforniC(l in wiiich vnrious quantities of the same 
urine sanijilo were added to the nqnariuin 'water, TJie results arc sum- 
marized in Figs. 1 1 and 12. It may be .seen tliat the lengthening of the 
ovipositor i.s greater the greater the concentration of the active substance 
and that between the levels of 0-2-5 ml. of urine per 750 ml, of water the 
relationship between concentration and re.sponsc is linear. This shows 
that within the limits of this dose range the ovupositor reaction is a suitable 
test for assay purposes. In the ease of the actual substance used in this 
experiment (lutcidinc) the experimental range extends between 0 and 
5 A.U. It is also shown in the figures given that the latent period of the 
reaction is unaffected by the concentration. 

N’cccssarp rest between successive tests 

It has been shown above (p. 144) that the ovipositor may recede in the 
presence of small amounts of active substance. If, however, the concen- 
tration of active substance is higher, the maximum o\dpositor length may 
be maintained for much longer periods. Wlien the aquarium is replenished 
with fresh water during the ovipositor growth there is an abrupt cessation 
of growth followed b}'^ a regression. In the experiment recorded in Fig. 
14 fresh water was substituted 8 hours after the start of the ovipositor 
growth — that is, about 14 hours after the addition of the active substance. 
It is apparent that the growth of the ovipositor ceased, its length remain- 
ing constant'for G hours and then there was a gradual regression of length, 
for the succeeding 20 hours, with a final stabilization at 2 A.U. It will 
bo shown below (p. 150) that under these conditions the fish is suitable 
for another test. 

It should further be emphasized that it is necessary to produce ovi- 
positor reactions in the fish at intervals of 1-2 days. If the fish are not 
so treated, the ovipositor length falls to the quiescent state (0 A.U.), and 
its capacity to react may be entirely lost or may only be restored by 
repeated applications of active substance and when the initial length of 
the ovipositor is again 2 A.U. (see p. 150 below). 

Relation between initial length of the ovipositor and sensitivity 

A series of 12 fish were tested with 4 successive doses of 3 ml. of urine 
A. The results were divided into groups according to the initial length 
of the ovipositor and the average lengthening of the ovipositors in each 
group calculated. The results are given in Fig. 13, which shows that the 
response was greatest when the initial length was 1 A.U. and that there was 
a progressive diminution in the growth as the initial length increased. It 
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■\vns also found tlmi llii.s relation was linear, but this finding was not so 
evident in two other similar experiments, 

Jn praeticc 1 use fish with initial ovipositor lengths of 1-3 A.U. and so 
arrange the group that the average initial length is 2 A.U. 


Nmnhcr of successive (csts that may be jperf armed on the fish 

A group of 12 fish were given a series of tests at 2-day intervals. The 
results arc given in Table I. It will ho seen that the first 4 tests were 
identical in that 3 ml. of urine A were added to the 750 ml. of water in 

Table I. Effect of successive additions of urine on the ovipositor length of a 

groujy of 12 female bittcrlings 


Dny 

Uriiio 

Vol. of 

Mcnn ovipositor 

given 

urine 

growth 



(ml.) 

(A.U.) 

1 

A 

3 

2-7 

3 

A 

3 

4-5 

5 

A 

3 

4-2 

7 

A 

3 

4-7 

9 

B 

3 

00 

11 

A 

3 

4-3 

13 

A 

2 

2-7 

15 

A 

1 

1-4 


the aquarium. Tlie responses of tlie ovipositors were, apart from a low 
response in the first test, practically constant (range 4-2-4-7 A.U.). The 
cause of the initial low response may he attributed to insuJSicient sensitiza- 
tion which will he discussed later. Two days after the 4th test 3 ml. of 
an inactive urine (B) were given and no response was elicited. After this 
test 3 tests were performed with the original urine A in diminisliing dosage. 
The first test was on 3 ml. and gave a response within the range of 
the previously determined values. Since it has already been shown that the 
relation between dose and response is linear within the test range, the 
results which should be obtained with the doses of 2 and 1 ml. can be calcu- 
lated. On the basis of the four determinations of the response to 3 ml. 
(average ovipositor growth = 4-4 A.U.) the groui>h to be expected with 
doses of 2 and 1 ml. would be 2-7 A.U. (= f X 4:-4) and l-S A.U. (= i X 4’4). 
In fact, the actual results obtained were 2*7 A.U. and 1-4 A.U. respectively. 
This means that even after 8 successive tests at, 2-day intervals the 
fish still respond normally. 

While it may be true that the sensitivity of the group remains constant 
during these 8 tests it is possible that this is due to the balancing of rises and 
falls in the sensitivity of the individual fish comprising the group. To test this 
point the standard deviation {af) of the results obtained with each fish in the 
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four tests 2, 3, 4 and 6 -were separately calculated. The mean of the 12 standard 
deviations -was 1'19. Similarly, the standard deviations of the responses of 
four different fish to the same test (i.e. the responses of fish 1-4 in test 2, of 
fish 6-8 in test 2, &c.) were calculated. The 12 standard deviations thus 
obtained gave a mean of 1-22. Since the values •were nearly the same in the 
two cases it may he concluded that there was no traceable indi-vidual change 
in sensitivity. The formula used for the calculation of the standard de-riation 

and though the value of n (= 4) was low this is not very 


was cr 




important since it was the same in the two cases and the calculations were 
only used for comparative purposes. 

The standard deviations in the above calculations are large compared •with 
the mean values obtained and may cast doubt 
on the linear relation between dose and response. 

To settle this point the standard error of the mean 
was calculated for the tests -with 1, 2 and 3 ml. 
of urine (S.E. of mean = c/Vn). The results are 
given in Table II and the graph Fig. 15. The re- 
sults show that the relation is linear. 
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Fig. 15. Doso/rcsponso cuivo of 
tho results given in Table II, 
including tho standard errors of 
the means. 


Summary: Basis of the assay method 

From tho above experiments the following 
points may be indicated as necessary for the 
performance of a test, 

A given quantity of the substance to be tested is added to a given 
quantity of aquarium water (750 ml. in practice) containing 2-3 fish. 
The longtliening of the ovipositor is measured in terms of the length of 


Table II. Doscjresponsc curve for urine A based on the figures 
given in Table I 



Average ovipositor 

S.E. of 

Dose 

growth 

mean 

(ml.) 

(A.U.) 

(A.U.) 

1 

1-40 

0-29 

O 

2C7 

0-40 

3 

4-42 

018 


the anal finray (A.U.). Tiic temperature mu.‘:t be maintained con.stant 
at 22° C. The ovipositors are inca.«:urcd cvciy 1-2 iiours until all growth 
rea.'jc.s; then the fi.«h arc rctunicd to fre.^h water. The initial length of 
the ovipositors must be about 2 A.U. and the fush must have given a 
positive reaction 1-2 days prcviou.s to the test. Tiie quantitj- of .«:ub- 
.‘^Innce to lie nddc<l must be within the range of the linear part of th.e 
<la«<', rt's]wnse cnr\-o. The accumey of the test varies according to the 
mimlK'r of fish used. 
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PUKrAKATION' OK THK FjSir KOU TIOC TkST 

I(. has l)ceti poinlocl nii(. above tluit flic fish lose aensitivity if left in the 
quiescent slate and it is (liercforo necessary to increase ilieir sensitivity 
before an initial lest nmy l)e made. 'J’his may bo done by the following 
irentmcnls. 

Growth of the. ovipositor on transference to room temperature 
Wlictv 5-1 fish were removed from a pond at 4° C. and transferred to an 
aquarium in whicb the temperature was raised to 22° within 4 hours 
there was a spontaneous ovipositor growth, the average ovipositor 
lengths being 0-4 and 0-S A.U. 0 ajul 19 hours after the transference 
rospcctivel 3 \ This finding is illustrated in Fig. 1C which shows that if the 
growth continues at the .same rate an ovipositor length of 2 A.U. would 
bo attained after 2 da 3 's. iSj)ontaneous growth, however, never occurs in 
fish that have reacted to an active substance some da 3 's prcviousl 3 ^ 

Shortening of an excessive initial ovigwsitor length 
If the fish are obtained during the months April-Jul 3 ^ their ovipositors 
are as a rule long and unfit for assay purposes. If, however, a series of 
prcliminaiy ros 2 )onses arc elicited b 3 ’’ the successive application of an 
active substance it is found that the length of the ovipositors gradually 
recedes following each application. This fact is shown diagrammatically 
in Fig. 17. When the initial length has receded to 1-3 A.U. the fish ina 3 '- 
be used for quantitative assa 3 's. It should, hoAvever, be pointed out that 
during the months I\Ia 3 ''-Septenibor the fish are less suitable for quantita- 
tive Avork than during the rest of the year. 

Sensitization in case of low initial ovipositor length 

Fish eaught betAveen August and UoA’^ember generally have oAupositors 
shorter than 1 A.U. and are also unsuitable for quantitative assay 
purposes. By a similar process of succossive stimulations as used in the 
case of the fish Avith too long ovipositors the sensitivity can be raised 
and an initial length of 1-3 A.U. attained. The fish are then suitable for 
quantitative Avork. The process is diagrammatically illustrated in Fig. 18. 

Sensitization in cases of normal initial length 

Fish caught in the months November-March shoAV an ovipositor length 
of 1-3 A.U., but it is found that in spite of this the preliminary responses 
to stimulation are generally larger than usual and the ovipositor retains 
its maximum development abnormally long. It appears that the fish are 
brought prematurely to the condition found in the spaAvning season by 
the application of active substance. A successive treatment Avith active 
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Fio. 16. Growth of the ovipositor following trans- 
ference to room temperature. 



I'm. 17. Dingrnmmntic representation of the 
res]>on>-e of fi»h with elonpnteel ovipositors to 
a succession of similar stimuli. 



Ftc. IP. Diagrammatic representation of 
the response of fish vith quie-cent ovipo^i. 


tors to a Fucces'-ion of similar stimuli. 
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substnnco ns in the cnscs of liigJi niul low initinl length will bring 
the fish into n fit stnlc for qiinntitntivc work, 

Sc7!sitiviti/ level 

The above facts (loinonstrate that whatever the condition of the fish 
when caught, by a j)rcliininnry series of ap/ilications of equal quantities 
of the same tirinc, the initinl length of the ovipositor may be brought to 
1-3 A.U. and the sensitivity brought to a condition suitable for the 
perfonuance of quaTilitative assay’s, and further that once this constant 
sensitivity is attained it can bo maintained for some time. If, liowever, 
the fish are submitted to a scries of weak stimuli the sensitivity tends to 
decrease but can gcncrall)’’ be restored by a further series of adequate 
stimuli. If the test stimuli are strong or moderately strong, the sensitivity 
remains constant, but constanc^^ of the sensitivity is only temporal in 
character and jnust be checked periodicallj' bj’’ the application of some 
standard j)rc])aration. 

While on the question of the sensitiWty level it is interesting to reconsider 
the results given in Table I, where the lengthening following the application of 

4 successive doses of 3 ml. of urine A in a group of 12 fish was recorded. The 
average ovipositor growths obtained in the four experiments were 4‘50, 4‘17, 
4'G7 and 4*33 A.U. The standard deviations of the results in the four experi- 
ments were 0’9, T3, T9 and O-S A.U., and the standard errors of the means 
were 0-18, 0-25, 0-30 and OdS A.U. respective^'. If the whole series of 48 
results are considered as one group the average growth is 4*42 A.U. It will be 
seen that the averages 4‘50d:0'18, 4*17±0‘25, 4'67ri:0’36 and 4’33ri;0'15 A.U. 
of the constituent e.xperiments all agree with the average of the whole series 
which is further evidence that the sensitivity remained unchanged. 

Unsuitable fish 

During July and the early parts of August the ovipositor length is 
reduced to 0 A.U. in most bitterlings in then’ natural habitat. Under 
these conditions even maximal stimuli have hardly any effect on the 
ovipositor. 

Yearly variation in seTisitivity 

There has been observed a conspicuous difference in the suitability of 
the fish for test purposes in different years. This fact may be due to 
alimentary conditions or other factors and is at present under investi- 
gation. 

Apparatus and Procedure 

Apparatus 

The fish are kept in 36 small aquaria of 760 ml. capacity. The aquaria 
are placed along the sides of 3 large aquaria which serve as thermostats, 
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having an electric heating installation. Two or three fish are kept in each 
of the small aquaria and they may be distinguished from each other if 
they are of different size. The aquaria have inlet tubes through which 
air is bubbled, the air being supplied from a pump which is fitted with 
an alarm setting the pump in action when the atmospheric pressure 
falls below a certain limit. The whole apparatus (illustrated in Fig. 19) 



Fjo. 10. Front- and side-views of tho test-installation. 1. Isolation bond; 2. Metal bar; 
3. Rubber tube for air supply; 4. Gloss conducting tulxjs with tap; 5. Comer-iron of tho 
aquarium ; 0. Metal band on which ore fixed small aquaria (7) for test-animals ; 8. Thermo- 
meter; 9. Gloss wall of tho aquarium; 10. Water. 

is placed in a moderately lighted room tvith facilities for stronger lighting 
during measurements. 

Preservation of the fish 

When fresh fish are placed in the aquaria care is taken to raise the 
temperature to 22° C. gradually. A rapid rise in temperature is not well 
tolerated. 

The fish arc fed dry daphnia, and the water in the small aquaria is 
replenished twiec daily. 

Performance of the test 

The lest i.s routinely stnHed at 9 a.ni,, the fi-rii having been previously 
.sorted out and their initial ovipo.silor length measured. The ovipositors 
arc measured every hour or two hours following the addition of the 1^'st 
.suhstaneo to the aquaria. .-Xs .soon as the growth ha.s .^topped the fish are 
tratisfern'd to fmsh water and the ovipositors me.as,in'<l for the last 
time. ’Ihe average growth of the ovij>ositors in each series is detorminf'd 
and a gnn\th curve constructe<l. 

In c.-oes when' toxic poqurations are nddetl tl>e fisli di-jdav njiatliv f.r 
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rcadc.ssnc.ss, jukI I lie oxi)oriinont is discoiit inucfl nncl lower doses are 
tried. 

Definition of hormone, unit 

As n unit of hormone action I have taken that quantity of the Iiormone 
which, added to T.'IO nil. of water at. 22° C., cau.sc.s an ovipo.sitor lengthen- 
ing of 1 A.U. within a cerlain ninnhor of hoiins, provided alwaj^s that the 
sensitivity of the fish has been adjusted as described above. The choice of 
ToO ml. has been fortuitous owing to the fact that the aquaria used 
happened to have tin's capacit}'. The duration of c.xperiment required to 
attain the maximum ovipositor length may vary with different active 
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Fia. 20. Response of tho bittorling ovipositor to various doses of 
progostorono. 

substances, so that the number of hours in the definition will vary accord- 
ing to the hormone used ; I therefore propose to use the following definition 
for a unit of hormone action: 1 bitterling unit (1 B.U.) is that quantity 
of an active substance which causes, in n hours, an average lengthening 
of the ovipositor of 1 A.U. when added to 1 litre of aquarium water. 

Test on Pbogestebone 

To give an example of the use of the test in practice the following 
experiment on progesterone may be cited. Doses of 6, 7-5, 10, 15, 20, 
25 and 30 jug. of progesterone, dissolved in propylene glycol, were added 
to the aquaria each of which contained 2 fish. The results represent the 
averages of the measiurements of the response of about 60 fish in each case. 
The growth curves obtained are shown in Fig. 20. It will be observed 
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that the latent period with progesterone is only 1 hour compared udth the 
latent period of 5-5 hours in the case of luteidine. The gro^dh ceases in 
all concentrations 4-5 hours after the addition of the progesterone. From 
these figures it is possible to construct a dose/response curve for pro- 
gesterone (Fig. 21). The main characteristics of the curve are the sharp 
infiexion of the curve at a dose of 9 fjLg. of progesterone and a lengthening 
of 3-9 A.U. wth only slight growth at higher doses [cf. Duyvene de Wit, 
1938, 1939]. 

In futiue publications it will be shown that the ovipositor of the 
bitterling responds to the administration of other steroid hormones such 



Fio. 21. Doso/rc.sponso curve for progesterone. 

ns androgens, oestrogens and adrenal-cortical hormones, and that the 
growth curves obtained with these hormones have dificrent characteristias. 
Tlicso results have an interesting bearing on endocrinology in general 
and on the endocrine organization of sex in cold-blooded animals, particu- 
Inrl}' in the female bitterling. 


SUMMAKV 

A detailed dcscriittion is given of a quantitative test for .steroid hor- 
luoncs b.Tsed on the rc.siton.sc of the ovipositor of the female bittcrlinc: 
{Ilhodrux amaru.t, Bloch). 

My th.inks arc due to the Man T)cl;ker Stichtung' for grants wliich 
enabled these rc'searches to be carried out and aFo to Mc'-rs. Ciba (P.a’^eJ) 
and Organon (Oss) for tlie supjdies of progC'=ter»ine. 

L<Utor s Ao.V; At the autlior’s request the llngli-h tran‘-!at:r>n nf tlii-' 
])a|K'r vas revised by P. C. Williams. During this process certain alt' ra- 
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lions were nmdo in the drnfting, and owing to tho i)rcHcnt conditions it 
lins not been ])ossiblo to submit the final manuscript for the author’s 
approval. 
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THE EFFECTS OF EXTRACTS OF HUMAN 
ANTERIOR PITUITARY GLANDS ON 
XENOPUS LAEVIS 

By H. a. SHAPmO 

From the Union Health Department, Cape Tovm 
(Received 3 April 1940) 

Shapdro [1936a] showed that extracts of sheep anterior pituitarj’^ glands 
are gonadotrophic in Xenopus. In the female this is seen by the induction 
of ovulation and oviposition, with induction of hyperaemia of the ovaries, 
the oviducts and the cloacal labia. Injection of both the male and the 
female results in amplexus udth the production of fertilized ova, indicating 
a gonadotrophic action in the male as well. Hogben [1930] reported ovu- 
lation induced in Xenopus by bovine anterior pituitary extracts. This 
observation was confirmed by Berk & Shapiro [1939], who showed in 
addition that implanted Xenopus anterior lobes were also gonadotrophic 
in Xenopus females, whereas elasmobranch pituitaries gave negative 
results. Unpublished experiments by the present author, made with 
material supplied by Prof. Houssay, show that the anterior lobe of the 
pituitary gland of the South American toad Biifo arenarum is also gonado- 
trophic in male and in female Xenopus. 

In view of the findings of Shapiro & Zwarenstein [1933, 1934, 1935] that 
human pregnancy urine extracts can also induce ovulation in Xenopus, the 
report by Shapiro [193G6] that human prcgnanc 3 ' urine extracts can induce 
the mating reflex when males as well as females are injected and the 
experiments of Sutherland & Zwarenstein [1939] showing that liuman 
])rcgnanc\’ blood or plasma can induce o\'ulntion in Xenopus, it becomes 
of considerable interest to learn whether the human anterior pituitarv’ 
gland, which is known to incrca.se in size and in function during pregnanev, 
is also gonadotrophic in Xenopus lacvis. 

Exi’Krimkxtai. Mkthods and Rr.sur.Ts 
Adult human pituitaries from male and female Eurojieans as u-cll ns 
nnn-Kuro]>eans were removed from cadavers at post-mortem and jilaced 
in ai'otono for transjiort to the Inboratorx', wlicre the anterior lobes were 
dissected free, cut uj) into small pieces, and .stored in fresh aectone at room 
ti'inperatim' until recpiired for use. Before an extract w.as mnde the gl.ands 
weri' drie<l in a curremt of air and then plact'd oveniieht in a crucible over 
calcium chloride in an evacuatcil <le,-iccator. Tiie next morning the glands 
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were cxI rncted, ICacIi gland was macomlofi for 20 minutes in 0-0 ml. glnss- 
dist illc'd wafer to wliicli had heen added 2-0 ml. 0-lN NnOH.. The extract 
wa.s noutrali'/od with 2-0 ml. ()*1N TICl and the opaque .supernatant fluid 
was u.scd lor inject ion. This fluid frot herl on shaking and gave a positive 
liiuret reaction and a negative Molisch’s test, Ji’our pituitarics were 
extracted with gla.ss-distilled water only, the aqueous extract being found 
to have the same action in females ns the alkali extract. 

Iiijcdion into normal Jrogn 

2'/) ml. of the extract were injected ititralymphatically into each of 20 
normal female frogs recently brought in from the ponds. Such animals do 
not ovulate spontaneous!}* under laboratory conditions of captivity, and 
arc therefore suitable for tests of gonadotrophic activity. Tlie dose given 
was equivalent to one-quarter of one liumnn anterior lobe, and as the 
volume in wliich it was contained was considerable, half the dose was 
injected into the dorsal and the other lialf into the ventral lymph sac. 
Each injected animal was then placed in its own glass container half-filled 
with tap-water and provided with a scroAv top. The injections were given 
at 4 p.m. and the result of the experiment was read the next morning. 
A positive rcsj)onsc consisted in finding recently shed ova in the containers. 
Of the 20 animals injected 15 oviposited and showed hypcraemic activa- 
tion of the cloacal labia. The remaining five did not oviposit but showed 
the hypcracmia of the cloacal labia characteristic of the ovipositing female. 
These five animals were autopsied. Marked hyperaemia of the OAuducts 
and of the ovaries was seen. 

Injection into recently hijpoplnjscctomized female frogs 

Female Xenopus were hypophysectomized according to the method of 
Hogben [1923], the anterior lobe being remoA’^ed. Two days later injections 
Avere made into 10 such animals, the dosage being the same as before. 
Seven of the 10 animals OAmlated and oviposited. The remaining three 
shoAA'^ed hyperaemia of the cloacal labia, indicating OAmrian stimulation. 
This Avas borne out by post-mortem examination, Avhen marked hyper- 
aemia of the ovaries and oviducts AA-^as seen. 

Injection into normal males and females 

Males and females AA’^ere injected AAuth the extract, the females receiving 
the same dose as before and the males receiving 1-25 ml. of the extract. 
Fifteen males and 15 females Avere injected and then arranged in rect- 
angular glass dishes 10"x8"x6",* three pairs being placed in each dish. 
Enough tap-Avater Avas added to cover the backs of the animals. The next 
morning the number of mating animals Avas counted and some of the shed 
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ova were removed for microscopic examination. Eleven of the fifteen pairs 
injected were found in amplexus and large numbers of fertilized eggs from 
which tadpoles were reared were also found. The matings were of normal 
type as described by Shapiro [1936a]. 

Injection into normal males 

Eight normal males which had been kept in the laboratory for 2 months 
were used in this experiment. Before injection the forelimbs were inspected 
to make sure that no nuptial excrescences ('arm pads’) were present. 
Each frog was then placed in its own glass container and given 3 injections,* 
each injection being given on alternate days. The water in the containers 
was changed daily and the day after the third injection the arm pads were 
seen to be fully developed up to the axiUae. The animals were then killed 
and the testes inspected. These were markedly h3fperaemic. 


Discussiox 

Tlie active principle in the extract is both water and alkali soluble. The 
Biuret test result suggests that the particular substance from the human 
anterior pituitarj’ glands is either protein in nature or else closely* asso- 
ciated with proteins. This is of interest in view of the fact that Zwarenstein 
[1936] and Shapiro [1936c, 1939] have shown that non-protein substances 
(certain steroids) arc gonadotrophic in Xenopus females whether normal 
or hypophyscctomized. The active substance in the human pituitarj" gland 
does not appear to belong to this group. 

With Xenopas laevis as the test animal it is not possible at present to 
di.stinguish qualitativch* between pregnanej’ urine and pituitary* extracts 
as can be done in the test on immature rats [Hamburger & Pedersen- 
Bjcrgaard, 1937]. 

It is, however, of considerable interest to find that tlie human anterior 
]iituitar%' gland is gonadotrophic in Xenopus cspccialh* in view of the facts 
tiiat — 


(i) tlie animal is used in a te.st for prcgnanc\-. the test depending on the 
presence of a j)ituitarv-likc gonadotroj'hic substance in the urine 
(Simiiiro A: Zwarenstein. 1933. 1934, 193.")]. 

(ii) the anterior lobe of the pituit.arv gland is known to increase in size 
and in function during ]irepnane\- in man and in other mammals 
i\'an Dyke. 193ti]. 

(ill) human j'regmuiev bloo<l and jtlasma have been df'inor.str.ated bv 
Sutlierlaud A Zw.anmstein [1939] to contain a suli-tance '’onado- 
tro]'hie in femaie Xenojuis. 


V.ven it the pknvnta is to be n;'::arde;i as tb.e chief sontie of tl; 


er-nado- 
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Irophio substnncc.s of ])rognancy, il would appear that the anterior lobe of 
the i)ituitary gland cannot logically bo excluded as one of the sources of 
the gonadotrophic subslanccs fotind in f lic jircgnant human female, 

I'hc injeefed extract acts by Htimulating the amphibian ovary directly 
and not by activaf ing the animars own iiituilary gland. This is shown by 
the e.xpcriments on recently hvpoph3'scctomi7.cd animals and bj" the fact 
that the action on the secondary sex organs is through the mediation of 
the gonads as shown by Shapiro & Zwarcnstcin [1937] in their work on 
castrates. 

Ovulation is associated with the release of amphibian female sex hor- 
mone from the ovaries, resulting in h3-pcracmic activation of the sccondar3' 
sex organs, the oviducts and the cloacal labia. However, animals which 
did not oviposit or ovulate showed activation of the secondar3’’ sex organs. 
This suggests that if there is onl3' one active jirinciple in the extract 
the threshold to induce follicular rupture (i.c. ovulation) is liigher than the 
threshold for ovarian stimulation with the iiroduction of oestrogens. The 
difl'ercnco in response 11103'^ be quantitative, smaller doses inducing oestro- 
genic activit3’' and larger doses inducing ovulation in addition. On the 
other liand, there is the possibility that there arc two active principles 
present in the extract, one inducing oestrogenic activit3’- and the other 
follicular rupture. The human extract is follicle-rupturing as well as 
oestrogenic in the intact female. 

The extract is also gonadotrophic in the male. This is shown b3’^ the 
oxiieriments on mating, the development of the arm pads and the ]i3^per- 
aeinic activation of the testes. Leslie [1890] and Bles [1901, 190-1] have 
described the nuptial excrescences in Xenojjus. Berk [1939] has shovm 
that the arm pads do not develop after anterior pituitaiy injections in 
the absence of the testes. The effects of the human extract in the male 
are therefore strictly comparable with the effects in the female, viz. 
gonadotropliic stimulation of the testes with release of spermatozoa and 
of androgens in the intact animal. 

Summary 

1 A substance capable of inducing ovulation in normal and in hypo- 
physectomized Xenopus has been detected in alkali and in aqueous 
extracts of human anterior pituitary glands. 

2. The extract is oestrogenic in intact females, inducing hyperaemic 
activation of the oviducts and the cloacal labia, 

3. It induces release of spermatozoa in the male with the secretion of 
amphibian androgens which stimulate development of the male secondary 
sex characters (the arm pads). 
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4. The active principle in the extract is either protein in nature or- else 
closely associated with proteins. 

5. The possibility that there may be more than one active principle in 
the extract is discussed. 


The author wishes to thank Prof. W. F. Rhodes for permission to obtain, 
and Drs. R. Ttumer and I. Gordon for supplying, the hmnan pituitaries. 
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^//-a-TOCOPHEROL ACETATE 

Bv A. L. BACIIARACH and I\I. K. A. CHANCE 

From the Biochcmxcnl Deportment, Glaxo iMhorotories JJd., Greenjord, Middlesex 

{Received 2d April WIG) 

I\IosT authors have reported that vitamin K doficicnej’’, at any rate np to 
quite late stages, has no cfVcct on the ovarian cycle of the adult rat — or 
prcsuinahly of the adult mouse — and it might therefore he anticipated 
that vitamin E itself would not exhibit the phj'siological properties of 
either the follicle-stimulating or the luteinizing hormones. Certain super- 
fieial similarities between the action of vitamin E and progesterone, both 
on experimental animals and in clinical use, make it still more unlikely 
that vitamin E has oestrogenic activity. 

Nevertheless, Underhill [1939] has recently called attention to Verzar’s 
finding [1931] that vitamin E concentrates produce uterine enlargement 
in immature rats and reported prclitninaiy experiments of his own, in 
which tocopherol was administered to immature female mice and led to 
the production of vaginal smears showing oestrus or pro-oestrus. This is 
in sharp contrast to the still more recent findings of Drummond, Noble 
& Wright [1939], who injected 5 mg. of d'^a:-tocol)hcrol acetate (in 25 mg. 
of olive-oil solution) dnilj’- for five days into immature female rats, whose 
vaginae were still closed on the subsequent day, and whose ovaries and 
uteri remained in the infantile condition. Oral administration of vitamin 
E concentrates to lypophysectomized adult females also failed, in the 
hands of these authors, to bring about oestrus or pro-oestrus. 

As the experiments of Drummond cl al. were conducted on rats, whereas 
Underhill used mice, there remains the possibility, however remote, that 
the different results rejmrted were due to si^ecies difference. We therefore 
think it may be of interest to report our results obtained with mice, after 
Underhill’s statement had been communicated to the Vitamin E Sjmipo- 
sium [1939], but before publication of the paper by Drummond or/. [1939]. 

ExperimentaIj Procedure 

Twenty-six immature female albino mice, from the inbred strain Strong’s 
A2, weighing between 10 and 18 g., were divided into three approximately 
equal groups; all had closed vaginae. Into each of the animals in one 
group 10 mg. of d(-a-tocophorol acetate dissolved in 0-5 ml. of olive oil 
were injected subcutaneously; vaginal smears were taken from these 



163 


(H-a-TOCOPHEROL ACETATE 

animals, beginning 24 hours after injection and continuing at 24-hourly 
intervals for three days or more. A control group of animals received 
subcutaneously injections of 0-5 ml. of the same olive oil and were examined 
daily in the same manner. To a third group of animals 0-5 ml. of a solution 
of dJ-a-tocopherol acetate (10 mg.) in cod-hver oil was administered orally ; 
the first portion of the dose, 0-2 ml., was fed direct into the arumals’ 
mouths, the remainder was mixed in the next day’s food. Smears were 
taken from 24 hours after administration of the second portion. 


ReSOIiTS 

Table I shows the results obtained. Large numbers of leucocytes were 
present in every smear, epithelial cells appeared with about the same 
frequency in all three groups ; slight signs of comification occurred only 
in one animal in the negative control group. It may be added that 10 mg. 
of tocopherol (or of its acetate) would seem to be a very large dose for a 
20 g. mouse. When added to a basal diet completely devoid of vitamin E, 
0-6 mg. of tocopherol acetate will confer on adult rats, weighing 200 to 
300 g., a 50% fertility; four times that amount uill permit practically all 
such rats to produce full-term litters [Bacharach, 1939]. 


Table I 


Nature of vapnal smeaw 



No. of 

Aflor 

After 

AIUt 

After 

After 

After 

% animals 
stiowinc 

Dost? Route 

nnimaLi 

1 day 

2 days 

3 days 

■1 days* 

5 days* 

C days* 

oestrus 

Tocopherol in cod- Oral 

9 

91, 

91, 

9 1, 

3L 

2 1, 

21 , 

0 

liver oil 

Tocopherol in raronlcral 

8 

81, 

7L 

7 L 

2L 

1 1>!! 
2L 

I Lo 
3L 

0 

olive oil 

Olive oil Parenteral 

9 

9L 

lljo 

91, 

1 

91, 

1 Ixr 

2 1, 

1 1,0 
31, 

1 L 

(10) 






1 CU 


2Le 


L loucocytrs only « leucocytes wiUi epithelial cells 

CIj *-= comifiM cell5 and Icucocylc.s 

• «-« only ihrcf animah in each proup rxaminM on th^ 4th, r>lh and Clh days. 


In our experience, therefore, a relatively large dose of synthetic toco- 
jilicrol, wlicthcr administered by oral or parenteral route, is entirclv 
witlmut oestrogenic action as tested by cni)acity to comif}- the vaginal 
eiiitlielium of intact iminature female mice. 

Tliis is in agreement wilii the most recent results of Undcrliill, who 
rejiurts (private communication) that he has ]>ccn unable to rc{)cat his 
former oi)sorvations. .-Mthough those were confirmed bv histologic.al 
I’Xaiuinatiou <,if preparations made from the ex]>erimcntal animals that 
had given jaii^itivc resiamsos. solutions of other samples of •j-toeojdierol 
wen> entin-ly without oevtrogenie eireet. Hr. Underhill, who ha- Jandlv 
rt'ad the manuseript of this paj'cr, concludes ‘1 must nerec' with vou that 
j'uro •■v-toiaipherol ha- uo tx‘-tu''::(“nic action'. 
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SUMMAIIY 

Synihctic r/Z-a-tocopliorol ncointc arlniinistcrccl orally or parcntcrally to 
immature female mice in doses of 10 mg. causes no vaginal cornification. 
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THYROID AND BRAIN RESPIRATION 

By R. J. ROSSITER' 

From the Department of Biochemistry, Oxford 
{Received 15 May 1940) 

Rohker [1924], using the Krogh microrespirometer, found that the feeding 
of th 3 n'oid hormone to mice caused an increase in the O 2 consumption of 
liver, kidney and muscle tissue. Foster [1926] observed that thyroidectomy 
produced a diminis hed O 2 uptake of muscle tissue respiring in glucose, a 
result also reported by Dye & Maughan [1929a, 6] with and rdthout the 
addition of succinate to the respiring muscle mince. Many workers have 
reported increases in Oj uptake of surviving tissues after treating animals 
with thyroxine or thyroid preparations; notably Dresel [1928] in kidney 
and liver, Anselmino, Eichler & Schlossmann [1929] in liver, spleen and 
kidney. Hopping [1930] in alligator red blood cells, Hicks [1932] in muscle, 
McEachem [1932] in heart. Dye [1933] in muscle, Gerard & McIntjTC 
[1933] in liver, auricle and vagus nerve, Meyer, McTieman & Aub [1933] 
in liver, Ebina [1932] in liver and kidney, McEachern [1935] in kidney, 
liver and muscle, Kliayyal & Scott [1935] in uterus and Victor & Andersen 
[1938] in liver and kidney. As far as is known, the only work on the 
respiration of brain tis.sue following thyroid treatment is that of Cohen & 
Gerard [1937]. Using the delayed substrate technique of Quastel & Wheat- 
ley [1932], thc.se workers found that when glucose, lactate, succinate or 
glycogen were tipped into brain brei which had been autolysing for two 
hours the percentage increase in Oo uptake was four times as great with 
thyroid-treated rats as with control animals. This was not so with 
pyruvate or p-phenylencdiaminc. In the present work increased Oj 
ujitakes after thjToid treatment were observed in experiments in which 
the substrate was tipped in at the outset. This was true for glucose, 
succinate or pyruvate (if ample vitamin Bj was given) but not for 
p-I)licnylencdinminc. 

There arc also numerous references in the literature to in vitro effects 
with added thyroxine or thyroid preparations. Vollmcr [1923] reported 
an increased O, uptake following the addition of tluToid extract to 
inte.vtinal mucosa, and Wohlgemuth k Klopstock [1920] dcscrilK-d n 
similar finding for skin. Canranelli k Rapport [1937] found an incrc-.ase 
in O- uptake when thyroglohulin was added to liver and, later (Canranclli, 
Guild ik Rnp])ort. 1939]. when added to kidney, testis and heart slices 
n“-piring in gluco‘-'c. Similar effects will l>e de.-rriled for brain ti^-ue. 

* 
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"WiMi iliyroxiiic Mio evidence for tu vitro cfFccts is not so clear cut. 
Po.sitivc findings have been reported liy Adler & Lip.schutz [1D22], Neu- 
.sehlo.ss [102.1], Ahlgron fI02r>], Reinwein it Singer [1028], Ebina [1032], 
Euler [1032, 1033], Vcrchely [1032], Pnal [1033], Davis, Da Costa & 
Hasting.s [1031], itlnnsfcld [1035], Scott [1035], Davis it Hastings [193G] 
and Haarmann [1030]. On the other liand, Ellinger [1022], Flcischmann 
[1027], Anschnino ct ol. [1020], Paasch it Keirnvein [1020], Rothschild 
[1030], Horn [1030], Hopping [1030], Myhrman [1032], Hicks [1932], 
Verebely [1032], Canzanclli it Rapport [1037] and Canzanelli ct ol. [1939] 
have reiiorlcd negative results. Using rat brain tissue the present writer 
has been unable to observe any significant increase in Oo uptake following 
the addition of thyroxine, although the thyroxine concentrations covered 
a very wide range. 

Exi’KRIiMKNTAL MKTirODS 

The Oo uptake was determined by the usual Warburg manometric 
technique. The animals were killed b^' decapitation and the tissue pre- 
pared in one of two ways. The brain was cither (1) minced on a hot plate 
at 38° C. with a bone spatula and transferred to a previously weighed 
bottle and reweighed, ns has been the custom in this laboratory, or (2) it 
was ground in an ice-cold mortar with 4 volumes of cold Ringer-phosphate 
and pressed through muslin as described by Bnngn, Ochoa & Peters [1939]. 
The former preparation is referred to ns ‘brei’ and the latter as ‘disper- 
sion’. Duplicate determinations were made in every case. 

The reagents were commercial products with the exception of the 
sodium pyruvate which was made ns described by Peters [1938]. 

The rats used, all males, were taken from the usual laboratory stock, 
and were fed on the following basal diet : 

Rico Rtarcli ....... 70 

CnRoin ....... 20 

Salt mixUiro ....... 5 

Agnr ognr ....... 2 

Cod-livor oil . . . . . . .3 

To 100 g. of this diet were added 10 g. dry yeast. 

Experimental Results 

O 2 ii'Ptake of brain brei from normal and thyroid-treated animals 

Rats were given by mouth 0-6 g. desiccated thyroid plus 0-6 mg. crj^stal- 
line vitamin hydrochloride per day for 7 to 10 days. Brain brei from 
animals so treated in the presence of glucose, sodium pyruvate or sodium 
succinate had a higher O 2 uptake (Table I) than that from controls which 
received vitamin B^ alone. If no vitamin Bj was given the increase was 
smaller in the case of glucose, and in the case of pyruvate no difference 
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was observed. This is explained by the fact that thyroid-treated rats on 
diets low in vitamin Bj are B^ deficient, as is evidenced by weight changes 
following vitamin administration, catatorulin tests, and cocarboxylase 
determinations [Peters & Rossiter, 1939]. 


Table I. Oj uptake {pl.jg. fresh lissuejhour) of brain brei preparations. 
Temperature 38° C. The Oj uptake laas measured over period 60-120 min. 


Substrate 

Treatment 

No. 

animals 

uptake 

Standard 

deviation 

Percentage 

increase 

Xono 

Normal 

15 

427 

±62 

— 


Thyroid 

10 

447 

±02 

5 


Th 5 Toid (No B,) 

12 

450 

±81 

5 

Glucose O'Ol M 

Normal 

25 

1032 

±199 

— 


Th3rroid 

10 

1475 

±161 

43 


Tliyroid (No B,) 

12 

1275 

±120 

24 

Sodium pyruvate 

Normal 

9 

1578 

±224 

— 

0 02 H 

ThjToid 

14 

1793 

±205 

14 


Thyroid (No B,1 

12 

1525 

±229 

-3 

Sodium succinate 

Normal 

9 

19.55 

±200 

— 

0-1 M 

ThjToid 

14 

2271 

±265 

16 

ji.pbonvlcncdiamine 

Normal 

5 

2200 

±438 

— 

0-03 M 

Tliyroid 

3 

1CC6 

±704 

-24 


Witli no added substrate there was no significant difference between 
normal, thyroid-treated and thjToid-trcated animals which received no 
vitamin Bj. With glucose, Fisher’s i test gave t = 7-4C for the difference 
of means of normal and thyroid-treated animals, and i = 3-89 for that 
of normal and thjToid-treated animals which received no vitamin Bj. 
In both cases for P = 0 01, I = 2-74, so that both results are obviou.sly 
significant. Of less significance, however, is the difference of means of 
normal and thjToid -treated animals in the case of pyruvate. I = 1-89 
corresj)onding to P — 0 07:1, i.e. there is just over 1 chance in 14 of the 
results being fortuitous. There is no difiercncc between the 0; uptakes 
of tissue from normal and thjToirl-trcatcd rats which received no vitamin 
Hp With sodium succinate, the difference of the means of normal and 
tliyroid-treatcd animals is again significant (t == 2-95). For P — 001, 
( — 2-S3. Tlic few c.\-{)erimcnts done with p-phcnylcncdiaminc suggest 
that there is no incrca.se in 0, uptake with this substrate following thyroid 
t n-at inent . 


O; iipfa/.T of (irciiri dispersion from nom'.nl nr.d thuroid -treated rats 

The finiinals were tre.ated .as jj) the previous section. T.'il.'le II in'iic.ate.- 
tbat with the di'^jwrsion jirej'aration there was no drmonslmblr- inert-a*'' 
ii» Oj i>pt:\!;e, with or vithout the addition of irlurn'-c. 
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The in vit ro ejjcct of IhijroglohvUn 

Thyroglobnlin wns ])rcj)arc(l osscntinlly hy the method of O.swnld [1899], 
but a nuclcoj)rotcin fraction was separated by precipitation at pH5 
according to the iiroecdurc of Heidelbergcr & Palmer [1033]. Tlie fresh 
gland va.s cleaned of a.s much fat and connective ti.sstie ns po.s.siblc, minced, 
and extracted twice wit h 2 votnmc.s 0-0% NaCl, The j)H was adjusted to 
5 by addition of 0*2 M acetate buffer, and the insoluble nuclcoprotein 
centrifuged off. The supernatant fluid was neutralized with NaOH and 
half saturated with (NH^joSO^. After centrifuging the precipitate was 
dis.solvcd in 0-0% NaCl. The protein wa.s purified by rcprccipitation 3 to 
G times, freed from sulphate by dialysis against distilled water, and dried 

Table II. O^itptahc {id.jfj. fresh iissucjhoxir) of brav} dispersion. Tcmperalure 


38° C. 

The O 2 uptake was 7ncasurcd over 

period GO- 

120 min. 

Suhstmto 

Trent tnont 

No. nnimnl.s 

Oj iipfnk 

Standard 

0 deviation 

Nono 

Normnl 

8 

253 

i22 


Thyroid 

9 

239 

±50 

Glucoso 0-01 M 

Normnl 

8 

551 

-J-S9 


Thyroid 

0 

497 

i48 

under reduced pressure. The resulting white powder was soluble in 0-9% 


NaCl. Three different preparations (A, B and C) ■wore used, and in each 
case there was an increase in Oo uptake after adding the thyroglobnlin to 
broi or dispersion preparations (Table III) in the presence of glucose or 
sodium pyruvate. The effect was very constant, being present in all 
experiments except the last two with prei^aration B. For these experi- 
ments the thyroglobnlin used had been kept in solution for three -weeks 
at 0° C. Several experiments were also done with serum albumen in the 
same concentrations. This gave no increase in Oo uptake, so presumably 
the observed increases vdth thjrroglobulin Avere not due to a general 
protein effect. The increase in Oo uptake with thyroglobulin was only 
transitory, however, being maximal in the first 30 min., and usually 
very small by the end of GO min. (Table IV). This is in direct contrast to 
the increases after thyroid feeding described above. Here the effect 
was only slight at first, and was maximal in the period 60-120 min. 
The effects observed are thus of a different character, and tliis difference 
raises the possibility that one of the effects is not that of the physiologi- 
cally active hormone. 

The in vitro effect of thyroxine 

Thyroxine was added to both brei and dispersion preparations in the 
presence of glucose or sodium pyruvate. Many experiments were done 
covering a wide range of thyroxine concentrations. It is seen that in 
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two typical experiments (Table V) there is no detectable increase in O 2 
uptake following the addition of thyroxine. With saturated thyroxine 
solutions there was a small decrease. 


Table III. Effect of thyroglobvlin added in vitro to brain tissue. Oj uptake 
{jd.lg. fresh iissuelhour) measured over period 0-30 min. 
Temperature 38° C. 



Amount of 
thyro- 

Prepara- 

No 

addi- 

Plus 

thyro- 

Per- 

centage 

Substrate 

globulin 

tion 

tion 

globulin 

increase 

Brei preparalions 

Glucose (0*01 M) 

10 

A 

2160 

2650 

-{-23 


10 

A 

1630 

2120 

-f30 


10 

A 

2060 

2760 

-f34 


2 

A 

1970 

2450 

-t-24 


2 

A 

2190 

2270 

-f 3-5 


2 

E 

2020 

2050 

-t- 1-5 


10 

B 

2020 

2350 

-H6 


2 

B 

2300 

2580 

+ 13 


2 

B 

2130 

2110 

— 1 

tt If 

2 

B 

1800 

1770 

- 1-5 

>t »> 

2 

C 

1720 

2060 

-f20 

Sodium pyruvate (0-02 lit) 

2 

A 

2930 

3150 

+ 7-5 

tt tl »* 

2 

A 

2790 

2940 

+ 5-5 

ft tt t* 

2 

B 

2180 

2330 

+ 7 

M t* t* 

2 

B 

2310 

2440 

+ 5-5 

Dispersion preparalions 

Olucoso (0 01 M) 

o 

C 

1440 

1520 

•f 5-5 

t» ft 

2 

C 

1210 

1400 

-1-16 

*1 ft 

3 

C 

1270 

1310 

-i- 3 

»» ft 

3 

C 

lOSO 

1240 

-f 15 

ft tt 

3 

C 

1180 

1270 

+ 7-5 

tl It 

3 

C 

1130 

1240 

-f 10 

If ft 

3 

C 

1060 

11.50 

+ 8-5 

tt tt 

3 

C 

1640 

1820 

-fll 


Discussion 

The increase in Oj uptake following thyroid administration with 
glucose or succinate, and the failure to detect an increase withp-phcnvlenc- 
diaminc agrees with the results of Cohen & Gerard [1937]. The increase 
with pyruvate, however, is contrary to the findings of these workers. 
Without the daily administration of large amounts of vitamin B, the 
increase disappeared, suggesting that the failure to obtain an effect with 
pyruvate may l>e a result of the vitamin B, deficiency associated with 
cxjicrinicntal hyjierthyroidism. 

Dye (k Wagecner [1928] and Sugimoto [1938] found increased evto- 
ehrome oxidase (indophcnol) contents of heart, liver and kidnev tis-u'c of 
rats, after thyroid treatment. Markoff [193t] ofisf-rxed an incnafc in 
liver hut not in brain. The fact that there was no incrc.'L'cd Oj uidakc 
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in tlio prcsonco of p-phonylonorlmmino infliontcs tlmt Ihi-s is not the case 
^vi^h brain tissue. 

The fact tlmt witli glucose as sul)strato there was a large increase in 

Table Comparison brticcrn ihr. time relations of the in vivo effect and 
in vitro effect, produced hi/ addhuj tln/rofflohnlin, on On vplahe (/d.jg. fresh 
tissucjhour). Temperature .'IS” C. Suhslrale O-Ol Jlf glucose. 


I’priod (mill.) 


'J’n'filiiK'nt. 

O-I.'i 

15-nO 


CO-120 

Ill vivo rjffct (nvfrngr oj 

-.'i fioniuil and 10 Iht/rnid-lrealrd 

nnimaLt) 


A'oniml 

2101 

1807 

101.7 

1032 

'I’liyroid 

23.'i7 

2101 

1880 

M7;7 

IVrconlagi' incn'n-'io 

12 

M 

1.7 

43 

Ju vitro fjjcrl of a'hird tJit/ror/lohitliii (10 wi//.). 

A li/pirnl cxprrivirnt 


Nonnnl 

22.'0 

2030 

17.30 

1230 

'I’hyroid 

2770 

2.710 

2000 

1310 

rcrcoiitngo iticrrnxo 

2.1 

o.> 

1.7 

G-.7 


Oj uptake with brei and not with disponsion jwcpnrations is interesting. 
A comparison between t he figures of Table I and Table II sliows that for 
the rat, dispersion preparations })ave only linlf the respirator}' activity of 

Table V. The effect of thyroxine added in vitro to rat brain brei. Oo uptake 
measured in yl./g. fresh tissuefhour. Temperature 38° C. Thyroxine con- 
centration in g.jlOO ml. 

Substrnfo 


Thyroxino 


■> , 

concontrntion 

Ghicoso 
(001 M) 

Sodium pjTUvato 
(0 02 M) 

0 

1150 

1850 

Snturnted solution 

1050 

1400 

10-“ 

1200* 

1850* 

io-«» 

1100* 

1800* 

10-10 

1150* 

1700* 

10-“ 

1150 

1900 

JO-18 

1150 

1900 


♦ Duplicate determinations not done. 

brei. Apparently it is that part of the system which is destroj^ed bj'^ the 
grinding in a mortar which is influenced by the activity of the thyroid 
hormone. 

SUMMAKY 

1. In the presence of glucose, sodium pyruvate, or sodium succinate, 
brain brei from thyroid and vitamin Bj treated rats has a higher Oo 
uptake than brei from controls that received vitamin Bj only. If no 
vitamin B^ is given the increase is smaller in the case of glucose and 
disappears in the case of pyruvate. 

2. With dispersion preparations from similarly treated animals there is 
no increase in uptake. 



171 


THYROID AND BRAIN RESPIRATION 

3. In vitro addition of thjnroglobnlin causes an increase in 0, uptake 
of brei and dispersion preparations of rat brain ■vvitb botb glucose and 
sodium pyruvate. This effect is considered distinct from that of 1, 
because of tbe dissimilarity in time relations. 

4. In vitro addition of thyroxine does not cause an increase in On 
uptake of brei and dispersion preparations of rat brain in the presence of 
glucose or sodium pyruvate. 

I am deeply grateful to Professor R. A. Peters for suggesting this 
research and for his continued interest and encouragement throughout 
its progress. 

Thanks are also due to Dr. R. B. Pisher for help vith the statistics and 
to Miss Kempson for help -with the rats. 
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the Nuffield Committee and the Medical Research Council. 
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A REPLY TO RECENT CRITICISMS OF THE 
THEORY OF A RELATIONSHIP BETWEEN 
VITAMIN E AND THE OESTROGENS 

By E. V. SHDTE 

From the Department of Obstetrics and Gynaecology, University of Western Ontario, 

London, Ontario 

{Received 23 May 1940) 

RecektIiY Drummond, Noble & Wright [1939] and Cuthbertson & 
Drummond [1939] have criticized the method employed by the author in 
determining relationships between vitamin E and blood oestrogens. It 
would seem appropriate to discuss the questions raised in these papers 
and to present such further evidence as has accrued to the subject. 

In the article by Cuthbertson & Drummond a number of a priori 
objections to the validity of the test are presented. It is stated that the 
reaction produced can scarcely be due to proteolysis by trypsin because 
there is no initial increase in the formol titration. However, this charac- 
teristic of tryptic digestion was observed years ago by Cole and confirmed 
by both Wigglesworth [1928] and Fine [1931]. Fine held that trypsin 
had two active components; a tryptase which acted primarily to liberate 
free acid and a polypeptidase, which subsequently yielded amino acids. 
Northrop & Kunitz [1932] say: ‘The increase of formol titration . . . 
measures principally the later stages of digestion and . . . can hardly be 
considered ns the result of hydrolysis of the protein itself.’ As the pre- 
liminary phase of the digestion onlj' is pertinent to the technique of the 
witcr’s tc.st, it is conceivable that no amino acids raaj* appear within the 
period of observation. 

Further, Cuthbertson <fc Drummond cxpre.ss doubt that trypsin could 
])C responsible for anj- ‘digestion’ produced, because the author claimed 
that acid production might occur over a temperature range of 20-90' C. — 
although, needless to say, these were not suggested ns optimum tempera- 
tures for the digestion test. It is to be noted that the solutions are exposed 
to the ferment for only -10 minutes, and even temperatures considcmblv 
higher than 05° take at least this time to inactivate tiypsin, esjx^ciallv if a 
crude preparation is u<ed and it is in acid solution, both of which con<li- 
lions <iern'asc the lability of try]>';in. Tlic exixrimcnts of Mcllanhv k 
Woolley [1913] and Eddie [1914] .•showed that try[i-in in dilute acid 
solution could he hcatetl to 100" C. with very little lo- in nctivitv. The 
upjwr tcm|X’rature ranges n;entione<l above w( n,> U'-rtl in order to inarti- 
vatc antitrypsin, an alternative explanation of tlie jiht-nomenon ed'o-rved. 
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i lu' (ligoslioii of Irvj'f^in-.scnitn-biifTcr rnixlurc.s produces n gradual rise 
of acid. 'I’lie digests are (hen lilrntcrl against nllcali, using plienol- 
phflialcin for intiicnfor. Many (»l)servor.s have fliflicjult v in detecting .slight 
cliang(?s in pinlc colours, ]’ossil)}y some other inriiantor would prove 
more generally useful, although it is hanl to visualize a more readily 
(letcctnhle end-jjoint tluui that. afTordefl hy phenolphthalein. Fine said of 
this indicator under similar conditiojis: "J’he cnd-j)oint was remarkably 
sharj).' 'J'ho writer found the indicator mi.vture evolved b}' Cuthbertson 

Drummond much less satisfactory. When phenolphthalein i.s used it 
may bo difUcidt to detect the actual end-point, hut it is ca.s^’ to ascertain 
when one lias gone one drop hci/ond it. It appears to the writer that the 
curves published in Cuthhert.son Drummond’s paper (Figs. I, 2, 3) 
merely indicate difiieulty in determining an end-point. I ha\'c had many 
such curves .sent to me l^y those first attempting the test, have then had 
these workers do the test under my' own su})crvision and thereafter they’ 
liove .secured satisfactory results. 

How ‘absorjition of COo’ could account for such variations in the 
digests ns Cuthbertson <fc Drummond observed is difficult to understand, 
since the tubes used in the digestions arc small, arc more than half-filled 
with fluid, and arc kept corked almost throughout the test. It would be 
still more difficult to believe that a potent try’psin solution could bo in 
contact ^vith serum protein and produce no evidence of digestion at all 
after even a ‘period of two hours and 20 minutes’. 

The author’s method is designed to detect small initial variations in 
digestion rate and is more sensitive than a viscosimetric technique. It 
does not invalidate the results to say that a viscosimetric method, where 
a number of additional components were involved, failed to show changes 
analogous to those seen in tlio titrations. Tlie titration method was 
deliberately chosen because of its sensitivity^ and simplicity. 

A qualitative test for blood oestrogens or E-deficiency (assuming for 
the moment one test can detect botli) must be only a temporary phase of 
the development of this subject. Hou'ever, one can bring forward such 
sound objections to any conclusions based upon studies of urinary 
oestrogens only [Polonsky, 1936; Hain, 1939; Moller-Christensen & 
Pedersen-Bjergaard, 1936], or upon feasible biological assays [Freed, 
Hechter & Sosldn, 1939; Hechter, Lev & Soskin, 1940; and Fluhmann, 
1936], that a simple and rapid chemical test upon blood such as the 
author has attempted to formulate should not be discarded prematurely. 
Several writers have reported that they have found the test unsatisfactory ; 
others have used it successfully. The latter have usually been those 
trained in the technique by its originator. 

In the paper by Drummond, Noble & Wright [1939], the authors 
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discuss the physiological basis of the theory that vitamin E acts in the 
organism principally as an antagonist of oestrogens [Shute, 1936], or to 
he more specific, that the evidences of E-deficiency are produced by the 
liberation of an excess of oestrogens. Mention is made, indeed, of Under- 
hill’s [1939] work which indicated that vitamin E actually was oestro- 
genic. Neither Demole [1939] nor Drummond e.1 al. [1939] could, however, 
confirm Underhill’s observations. 

That E-deficient rats continue to exhibit fertility and oestrous cycles, 
as Drummond et al. point out, is no argument against the theory that 
oestrogens are liberated by prolonged E-deficiency. Wade & Doisy 
[1935] gave large daily doses of theelol to forty-one female rats over 
periods of as long as 316 days, and consistently observed the earty re- 
establishment and continuation of oestrous cycles and that there was 
unimpaired fertility during such treatment. They found, too, that uterine 
and ovarian weights revealed an initial decrease during the course of 
their experiment, but soon returned to normal. 

In 1937 the vTiter published a note [Shute, 1937a] on one of the interest- 
ing early pregnancies which give a negative Friedman test. In this case 
the administration of vitamin E was accompanied by a rapid change, 
over a period of only 48 hours, to a strongly positive Friedman. If this 
change can be fairly ascribed to the vitamin E that had been given, it 
certainly suggests that it neutralized an oestrogen excess, allowing prolan 
to be excreted as in most normal early pregnancies. 

However, it would not be surprising if E-deficicncy displaj-cd certain 
specific characters, and from JIason’s [1933] work it appears that the 
effect on the testis is di.ssimilar to that produced b}' oestrogen administra- 
tion. The studies of Einarson & Ringsted [1938], Bickncll [1910] and 
others suggest, too, that it has a specific action on certain portions of the 
spinal cord and its nerve roots, as well as on the skeletal musculature. 
Bickncll points out that this is not due to a-tocophcrol but to some other 
factor in the wheat germ. However, Wcch.slcr [1940] has secured thera- 
peutic rc.sulls in nmyotroj)hic lateral sclerosis with synthetic d/-a-toco- 
phcrol. Moreover, the very close analogy between the gynaecological 
and obstetrical projjcrtics of vitamin E and those evinced by jirogcstcrone 
calls for an attempt at a single oxjdanation, the most obvious being that 
both arc effective anti-oestrogens. 

'I he writer ha.s iised his j)roteol_\>is test uj)on blood samitlcs t.'ikcn from 
nearly 2,000 women .•-howing many <iiffercnt obstetrical and gynaeco- 
logical conditions, and has consistently found it feariblc to coii-idf-r 
vitamin K .as an nnti-wstn-gen. in this field at least. It has been po-dble 
t<i time the oestrogen therapy of certain secondary amenurrli'/cas .and 
I'naliet the lime vhen menstruation should ra'cur. Wesehs, or even i.nonths. 



170 K. V. KIIUTE 

before .spoiitnneoiiH abortion or miscarriage or a late toxaemia of the 
liaemorrliagic type [Sliutc, inoOa] has developed clinically it 1ms been 
])ossiblo to ])redlct that such a complication lay in the ofiing. Late 
pregnancy toxaemias have been distinguished on this basis when no 
other dirfcroittial evidence could be discerned and appropriate therapy, 
widely different for the two main t 3 '[)cs, has dispelled the incipient 
toxaemia in ninny instances. Cases of senile vulvovaginitis have been 
analogously diflcrcntiated and treated, jMnn\- of the blood specimens 
studied by us have come from outlying points and from patients we have 
never seen. We know of no instance in which the advice based upon our 
test has led to improper therapy, although, for example, senile nilvo- 
vaginitis associated with a high blood oestrogen, is, to saj' the least, not 
helped b}’ the administration of oestrogens. The same remark is even 
truer of the late pregnanc 3 ^ toxaemias. The clinical field in wliich a blood 
oestrogen test has value is enlarging stcadil}*. It lins an essential place 
in the management of lij’pcremesis, d^'smenorrhoen, menorrhagia and 
many post-menopausal complaints, and in differentiating acute appen- 
dicitis and placenta praevia from premature placental detachment. It 
maj'' be added, in passing, that the test appears to liavc no significance in 
eases of Imbitual abortion. In ten sueli personal eases, vitamin E in any 
dose has been valueless. Yet three of these have sineo carried pregnancies 
far bej'ond the usual time of abortion without the assistance of E ! These 
pregnancies Imvo not 3 'ct reached term. We define habitual abortion, of 
course, as the condition in ■which at least the last three abortions have 
occurred consecutively at or before the third month. Because this 
definition has not been adhered to, much of the literature on this topic is 
fallacious. 

For some j^ears reports have appeared which indicate that post- 
menopausal women often or occasionally excrete oestrogens in the urine 
[Shute, 19376]. The writer has indicated recently [Shute, 19396], entirely 
on the evidence derived from his jiroteolysis test, that at least 67% of 
82 post-menopausal -women (quite inadequately tested for the presence 
or absence of cycles) and 75% of 12 of these tested rather more com- 
pletely, revealed blood oestrogens cyclically or occasionally even long 
after the cessation of the menses. If more trials had been feasible, it is 
fair to assume that this percentage would have been appreciabl}’’ raised. 
Flulimann & Murphy [1939] still more recentty gave a figure of 89%, 
derived from a study of 76 such women, using Fluhniann’s mucification 
test (a histological assay technique) and checking the ■\^’-omen adequately- 

Smith & Smith [1935] were the fii'st to indicate that the blood of 
eclamptic women revealed low oestrogen values. This observation was 
confirmed by the writer by means of the proteolysis test, and later by 
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Muhlbock [1939]. The -writer described the beneficial effects of oestrogens 
in the treatment of these cases [Shute, 1937o] and now has observations 
on ten true pre-eclamptics and six con-vulsive eclamptics to confirm his 
first impression. Siegler [1939] has also used this form of therapy -with 
satisfactory results. 

It is an easy inference from the theory of E-oestrogen interbalance 
that if a true pre-eclamptic -woman -with lo-w values for blood oestrogen 
be given vitamin E, her blood oestrogen values should fall stiU lo-wer ; if 
this oestrogen level has any relation to her pathological state perhaps 
convulsions should then appear. 

One of the -miter’s patients developed a fulminating toxaemia ending 
in con-vulsions when large doses 'of wheat germ oil had been administered 
without the precaution of a preliminary test of hlood oestrogen level. 
Unfortunately there is a large gap in the chain of evidence and inference 
here, but a colleague has had two similar experiences and Barrie [personal 
communication, 1940] has found that some of her rats have displayed 
clonic con-vulsions after the administration of large doses of a-tocopherol ; 
these animals at autopsy showed the histological changes she had earlier 
reported [Barrie, 1939] as bearing a resemblance to those of to.vaemic 
human pregnancy. 

If vitamin E and the body’s oestrogens are in modifiable equilibrium 
tluroughout the year, summer and winter diets should alter the results of 
oestrogen assays. Such a seasonal change in the bloods of normal male 
medical students had been ohsers'cd by the author [Shute, 1938]. A more 
or less corresponding observation on castrated mice has been reported 
by Duszynska [1938], who found that more oestrogen was required to 
produce changes in these animals during the summer months than in the 
late winter. 

In a scries of 03 dysmenorrhoeic women, taken at random, the -writer 
found high blood oestrogen values, by the use of his test, in 49% [Shute, 
1940], Kot?, & Parker [1937] tabulated their results in 100 such women 
and reported a figure of 08%. They us=ed the Frank-Goldbergcr technique. 

All of the above evidence indicates that sufficient confirmation of the 
writer’s deductions from both theory and practice has already appeared 
to stretch the long arm of coincidence very far indeed. It is improbable 
that these conclusions have been derived from the use of methods in- 
volving an cxt'cssivc margin of error. 

ur.rr.txr.Ncr.s 
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Of the various physiological responses to prolactin the most characteristic 
and unequivocal is its ability to cause thickening of the crop-glands in 
doves and pigeons [Riddle & Braucher, 1931 ; Riddle, Bates & Dj'kshom, 
1933], and this response is now widely used for estimations of potencj*. 
Assay methods based on the crop-gland response fall into three main 
classes, (i) methods involving determination of the weight of the stimu- 
lated crop-glands as first proposed by Riddle el al. [1933], (ii) systemic 
minimal stimulation methods such as that of McShan &. Turner [193G], and 
(iii) local minimum stimulation or ‘intradermal’ methods originated by 
Lyons & Page [1935]. The chief value of the micromethod of Lyons & 
Page is that it will detect minute amounts of hormone. For accurate assay, 
however, we prefer the crop-weight method to methods involving deter- 
minations of the minimal stimulation dose since the latter depends on a 
subjective criterion while crop-weight determinations are, of course, 
objective. 

Riddle and his co-workers have studied main' of the factors which affect 
the crop-gland response [cf. Bates, 1937 ; Riddle & Bates, 1939] and .since 
important ones are race or breed of bird, age and body-weight, it is clearly 
preferable to work with birds of standard breed and age. Unfortunately, 
in England it is at present impossible to obtain adequate supplies of such 
birds, so that workers in this country, who wish to earn* out prolactin 
assays, must do the best they c.an with ‘mixed’ pigeons obtained from 
dealers. This paper deals with data whieh have accumulated in the course 
of numerous jirolactin assay.s, and summarir.cs our experience with the 
crop-weight method of assay ns carried out under the conditions obt.aining 
in this country. 

MuTiions 

'I’lie sy.-temic crop-weight method of a-s,ay has be<-n u-''d throueboiit, 
the technique of injection, and of <lis-cctinn and wcighiin: of the crop- 
glands being similar to that of Rowlands [1997], Each bird re!'f i\T'<l six 
daily injections (<f hormone, the dailv do-o iKinc; <ii- olv(sl in 1 ml. .ann-'o;'- 
medium and injected suhcut,aneou-lv in the .axiliarv n eion l.i-re tl,'’ s’;in 
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is looso. iSinc’o tlio roulo of ndminislrntion nffcots the response [Bates & 
Kiddle, in.'U)], care was talcen that- the solution was always injected sub- 
cutaneously and not info the deeijcr tissues or the skin. If tlie solutions 
are more alkaline than })If 0, the damaged tissue thickens round the site 
of injection, and the solutions were therefore neutralized almost to the 
point of j)roeij)itation of the hormone. 

In choosing birds for assays, more than the requisite number of birds 
were bought and weighed the day before the first injection. The groups 
were so made uj) that the body-weight range and mean weight for each 
group were as nearly equal as ])o.ssiblc, and latterly birds heavier than 
•too g. or lighter than S.'iO g. were rejected. E.vcopt wlicre otherwise stated 
the birds were kept in an iinhcatcd room and fed adlib, on wlieat and water. 

Tlic birds were killed and weighed 24 hours after the Inst injection, food 
linving been withheld overnight in order to ensure empty crops. The 
crop-glands were dissected out, scraped free from adherent secretion, fixed 
in Bonin’s fluid for 24 hours, transferred to 70% alcohol and weighed after 
2-3 hours. 


Kesults 

The dosc-response curve 

When the international standard of ‘lactogenic hormone ’ (i.e. prolactin) 
was made available it was decided to constnjct a curve of reference for 
assa}' purposes. The data for this curve were obtained from groups of 10 
pigeons kept under identical conditions and injected together. Tlie results 
are plotted in Fig. 1 both for absolute crop-weights and for crop-weights 
expressed as percentages of bodj-^-weight (relative crop-weights). Both 
curves are sigmoid in shape if the uninjected controls are included. If, how- 
ever, the responses to the different doses of hormone are plotted against 
the logarithm of the dose, both sets of points fall on good approximations 
to straight lines (Fig. 2) the fit being better when the results are expressed 
as percentages of the body-Aveight. The equations of these straight lines 
are ~ 3'143.t— 0*201 and — 1-III.t— 0*069 where y^ is the crop- 
Aveight in g., y» the crop-AA^eight expressed as a percentage of the body- 
Aveight and x is log total dose in I.U. From the approximately rectilinear 
relation of crop-Aveight to log dose it may be concluded that the crop- 
Aveight method is suitable for assay purposes at least over the range of 
total dose from 3 to 18 I.U. 

It is of interest to compare the slope of our log dose-response curve AAuth 
that given by Riddle et al. [1933] for their assay method invohnng four 
daily intramuscular injections AAuth autopsy on the 5th day. The results 
of these Avorkers Avere found to conform to the equation y = 765x-j-2l0, 
where y = crop-Aveight in mg. per 150 g. bod3’--Aveight and x = log dose of 
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proi.'ioliii in nij;. jx'r InO/'. hody-wni^Iit. Rconknilnfing our sfrnighl line 
to llio siuno hiusis wo Imvo // ■ ; 1 OHru'-l-nil , from which il is seen that the 
slope of our rcgn'Hsicni line is more t han douhic (hat of Rirldlc c/ r//. The 
two sots of results are n()t siriedy eomparahlc since (he two experiments 
weio made at dif]erefit times and in flinerent hcmis[)hercs ; nevertheless 
it seems fair to conclude that the six-day method, though more time- 
consuming than the four-day method, possesses (he iindouhtcd advantage 
of greater sensitivity. 

'J’wo of us (J'\ J. D. and S. J. F.) liavc independently liad occasion to 
determine the response to two do.scs of the international standard in the 
course of subsequent a.ssay.s wlu'ch were conducted in our respective 
laboratories. These results arc ahso plotted in Fig. 2, and it will be seen 
that in both eases the slope of the line was practically the same as that 
of the original log doso-rc.siionse curve though the position of the line had 
changed. As was to be expected, the moan response of groups of ‘mixed’ 
pigeons alter.s from time to time, and this emphasizes the necessity of 
making a simultaneous test of the standard of reference every time that 
a substance is a.ssaycd. Since the slope of the dose-response curve does not 
appear to alter very much from time to time, it is probably quite sufficient 
to compare the unknown with one dose of the standard onl}’. 

T/ze degree of accuracy of the assay 

The accuracy of an assay of the type under consideration depends on 
three factors: the standard dc\dation of a single observation, the number of 
birds used in each group and the slope of the dose-response cirrve. In 
general, the greater the slope of the eurve, the more aeeurate the method 
of assay. This statement is subject to the limitation that with a very steep 
slope the response for practical purposes ceases to be graded and becomes 
quanta!. 

From the data obtained with the international standard in the course 
of the construction of the standard curve, the probable limits of accuracy 
of the assay have been calculated by the method given in the British 
Pharmacopoeia Commission, Reports of Committees No. 10, 1936, for the 
three levels of significance, P = 0-67, P = 0-95, and P = 0-99 and for 
comparisons between groups containing 5, 10, 20 and 100 birds. These 
limits, both for absolute and relative crop-weights, are given in Table I, 
together with similar data, for absolute crop-weights only, calculated from 
the results of numerous experiments carried out Avith different doses of a 
prolactin preparation AP52C on various occasions OA’^er 2-3 years. It may 
be mentioned at this point that in some of the earlier experiments AAuth 
AP52C, which Avere primarily carried out in connexion AAuth another 
investigation [Policy, 1939], the birds received at the same time as the 
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prolactin injections, subcutaneous injections of 0'5 ml. or 1 ml. sesame oil. 

There is no reason to suppose that such injections had anj’^ effect on the 

response of the crops to prolactin. 

Table I. Limits of error of an assay of prolactin obtainable by the -use of 
(a) crop-weight expressed as a percentage of the body-weight ; (b) crop- 
weight — all the pigeons being injected with standard or test substance at 
the same time and (c) mean crop-weight of an aggregate group of 23S 
pigeons, comprising smaller groups injected at different times 
Ko. of pigeons given 

, " — , Limits of error (%)* for: 




(6) Test 

/ 

* 


Criterion 

(a) Standard 

Eubst. 

P = 0-G7 

P = 005 

P = 0-99 

(a)t Crop-wt. ^ 

Body-wt. 

5 

r> 

80-125 

03-158 

5G-180 

10 

10 

85-118 

72-138 

G6-152 

(Tests nl the samo time). 

20 

20 

80-112 

80-125 

78-134 

100 

100 

05-105 

00-111 

88-114 

(b)t Crop-weight. (Tests at 

5 

5 

78-120 

CO-1 GO 

52-102 

tho same time.) 

10 

10 

84-120 

70-143 

C3-159 

20 

20 

8&-1H 

78-129 

72-130 


100 

100 

0.V105 

80-112 

SG-110 

(c)J Crop-weight. (Tests at 

r> 

5 

C8-148 

42-240 

30-274 

different times.) 

10 

10 

70-132 

68-174 

40-204 

20 

20 

82-122 

C8-148 

CO-1 CO 


100 

100 

02-100 

84-120 

80-125 


• Limits of error. Tlio mctliocl of stating the limits of error is tlmt employed in tlie 
Addendum [10301 to tlio Hritisli I’hnrmncopocin. 

+ Criteria (n) and (0) are bnwd upon data from experiments in vhiclt proui>s of 0 or 10 
pigeons were injected witli tlie following total do“es of International Standani Prolactin 
Powder; 0-3. 0-0, 1-2 and 1-8 mg. per bird. 

J Criterion (c) is based upon data from experiments in wliicli groups of birds were 
injected at diffcR'-nt times {spread o\er a period of 2 year.'), with prolactin preparation 
APri2C. in the following total do-es (the numliers in brackets Ircing the aggregate of birds 
on the dose); G mg. (18). I3-.'> ing. (10). 0 ing. (.''•”). 10 8 mg. (13t, 18 mg. (113) and 21 mg. 
(18). 

It is rlcar from pcncrnl inspection of the tabic that the limits of accuracy 
obtainable with this a.s.say comiiare favotirably with other biolopical assavs 
oven thoupii the only available cxpcriincntal animals arc Ic.s.s uniform than 
those available for most biological ns.says. .At all levels of significance and 
for all st7.es of grtmps there is evidently a slight advantage in workin" with 
ndative crop-weights than with absolute crop-weights. The iirobablc 
limits of accuracy at the above three levels of significance c.alctilated from 
the ndative cro]i-a eight data obt.ained with the iutemationnl standard .are 
jilotted in Fig. 3. wiu'eh nicc-ly illustraKs the fact that the iticn-.-e-f- in 
accuracy theo'by att.aiiied make.-- it well north nhile usintr triaaiio- of 
binis ratb.er than of lo. Imt that tlm i!--e of prouji- harder thati C‘i hardlv 
jm-tilii-s the extv'tj^.- involvi-d. 
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Jtclatinn brlvrr.n cwp-vrirjhl and bodp-vright fora given dose of hormone 
As wo luivo fihou'ii nhovo, tho probable lirnila of accuracy of prolactin 
nssaya are alight ly flocrcaacd if (bo calciilatioiiH arc made on the basis of 
crop-weights expressed as percentages of the body-weight. Tliis indicates 
tho existence of a correlation between croj)-wciglit and body-weight for a 
given dose of hormone, ^’llat thi.s correlation e.xi.sts Jins been claimed by 



Fio. 3. Tho ficcurncy nttninnblo in an assay of an tin- 
known preparation of prolactin by tho uso of groups of 
difforont numbers of pigeons, tho two groups being of 
equal size in each assay and one group being used for 
tho standard and one for tho unknown preparation. 


Riddle et al. [1933] and Rowlands [1937], but, in our view, on rather 
indirect evidence. We therefore tliought it v^orth while to analyse some 
of our data from tliis point of view. In Table II are given the correlation 
coefficients between crop-weight and body-weight for two doses of pre- 
paration AP52C. Each large group is a composite one made up of smaller 
groups of birds injected at different times with the same dose of hormone. 

At each dose level, r has the approximate value 0-5 and is highly signi- 
ficant. The existence of a positive correlation betiveen crop-weight and 
body- weight for a given dose of hormone, in groups of ‘mixed ’ pigeons can 
thus be taken as established. This emphasizes the distinct advantage of 
using relative crop-weights in prolactin assays unless the body-weights of 
the birds used are kept within rather narrow limits. 
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Variations in the response to a given dose of hormone 
The mean responses of groups of pigeons to two doses of AP52C, deter- 
mined on various occasions, have been collected in Table IH. 

Table II. Correlation between crop-weight and body-weight at post mortem 


Range of body- 


Date of let 

No. of pigeons 

•weight at post 



injection 

in group 

mortem 

r 

P 



(g-) 



[a) Total dose — 

9-0 mg. AP52C {approx. 8 J.U.) 



27/5/38 

18* 

208-381 

0-548 

0-01-0-02 

10/6/38 

20* 

258-419 

0-232 

>0-1 

6/7/38 

20* 

257-418 

0-699 

<0-001 


Combined estimate of r for 58 birds = 0-51 

5, P <0-001 


(6) Total dose = 

IS'O mg. AP52C {Approx. 16 I.V.) 



23/2/38 

20t 

260-412 

0-487 

0-02-0-05 

8/3/38 

19t 

200-406 

0-713 

<0-001 

17/3/38 

16t 

235-438 

0-404 

>0-1 

29/3/38 

20* 

257-399 

0-439 

005-0-1 

7/4/38 

20* 

257-417 

0-412 

0-05-0-1 

27/4/38 

19* 

228-407 

0-465 

002-0-05 


Combincd estimate of r for H4 birds = 0-497, P < 0 001 


* Simultaneous injection of 1-0 ml. Bcsomo oil into each bird, 
t Simultoneous injection of 0-5 ml. sesame oil into each bird. 

It vill be seen that while on many occasions the responses of groups of 
‘mixed’ pigeons to a given dose of hormone were appro.ximately equal, 
at other times appreciable variations in response have been observed. 

Table III. Mean responses of groups of 'mixed' pigeons to a given dose of 

prolactin at various times 


Date 

Total dose of 
prolactin 

Ar02C 

No. of 
birds 

crop-weight 

Mean ^ — ' 

body -weight 

23/2/.3S 

(mg.) 

IS 

20* 

1-401 

8/3/38 

18 

19* 

1-420 

17/3/38 

18 

1C* 

l-r.79 

29/3/38 

18 

20t 

l-S.'iS 

7/4/38 

18 

eoj 

1-427 

27/4/38 

IS 

19t 

1-3C1 

1 0/1 0/39 

108 

14 

0 9.8.'; 

13/12/39 

108 

10 

osr.t 

9/2/40 

lOS 

ir- 

1-108 

21/3/40 

10 8 

10 

(*CI9 


* Stn'.ultnr.fx:!'.:** injection cf 0 Ti tnl. oil ir.’o I '.ri. 

t cf 1*0 tr.U cU ir.*o < A-h X .T'i. 


Sitnilnr variatioti« %vhic!v Iiovc nl-o Ixx'ii ob'^'’r\*ed in with 

fho intomntioTinl ^\rro notM nhovo. rtf 
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variations is (lincroiurs in avt'ra;^c ago of tlio hirrls oonstitnling tlie groups, 
sinro Riddle r( nl. ( I tl.'t.'t] have found t Ik; resj)onsc of nmliiro birds to agivcn 
dose of lu)rmone to l)e many times greater tlian that of young birds. For 
instanee, in spring and early .smnmer, batelic.s of l)irds o])taincd from 
dealers might be e.xfxs’ted to eotdain larger j)roj)ortions of young birds 
than in the autumn atid vinfer. 'I’be ago of our birds is quite unknown, 
and this facdor, under fair eondilions, is uncontrollable. AVe considered it 
advisable, however, to investigate other jio.ssible sources of variation in 
the response, and in this conne.vion factoi-s associated with the season of 
the year, such ns total time of e.vposurc to light, and environmental 
temperature came to mind. 

The effect of light on the. crop-gland response. 

In order to investigate the influence of light, two groups of five pigeons 
were placed in each of two identical rooms maintained at the same tem- 
perature. One room was illuminated throughout the e.vpcrimcnt with a 
] 00-watt bulb while the other was kept dark e.vcept for .‘tO-minutc periods 
each morning and evening, during wliich the birds in both rooms were fed 
and watered. The liormono injections were made during the first 30- 
niinutc break. Two dosage levels were studied with iircparation AP52C. 
Tlic results which are given in Table indicate that exposure to light 
has no influence on the crop-gland response. 

Table IV. Effect of light and darkness on the crop-gland rcsjjonsc of pigeons 

injected tenth prolactin 

Unillumiiinted* Illuinintitod* 

Total doso of , ' 1 < 

prolactin No. of pigeons CW No. of pigeons £E!y;00 

AP52C jBir 

(mg-) 

10-8 r, 0-854 5 0-874 

16-0 5 1-181 5 1-0G7 

* ‘ Illuminntod ’ signifies that this group of pigeons was flooded with oloctric light nil 
tho time. ‘Unilluminntod’ signifies that this group was kept in darlaioss except for 1 hour 
daily when tho pigeons wore flooded with oloctric light to encourage feeding. 

The effect of etivironmental temperature on the crop-gland response 

In two ijreliminary experiments (I and II) the responses to the same two 
dose levels of preparation AP52C Avere studied on groups of birds housed 
in rooms maintained at two widely different temperatures (approx. 0° C. 
and approx. 30° C.) comparable Avitli extremes of severe Atunter and hot 
summer. 

Four groups of birds were used in each experiment, ten pigeons in each 
group in the first and fifteen in each in the second. Tavo groups Avere 
maintained at the loAA^er and tAA'o at the higher temperature in each 
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experiment. In both, experiments the birds in one group at each tem- 
perature received a total of 10'8 mg. AP52C and all members of the other 



log (daily) Cost Prc'aclin 
(*.r ;?:) 

1*10. 4. of trmyv'mturr* on tho rrop-pln.n'1 n“-pon'='' 

of pifTtvins. phowinj^ of luo 

iTir\<!n n? two *!ifrrn'nl of of j'ml.ictin, n 

low nn>l n hirh trmp^raturt’, 

gnuiji .nt o.-xoli tonuxT.vtiire received 15-0 nig. .-M’.'iilC,'. Tiic inenn toir.- 
)H-n\tim"i uere O' C. nnd 21'^ ('. in the fir?! rxjx^rinient and 0' C. .and 32 
in llie iieeimd. The re'-iilt.« of both exiXTiinent-^ are given in Tali’e V and 
I'lg. In both experiment'^ tlie re'-iHin.'^e' of the bini' inaint.aine i .at th'- 
higher tom]H'r.itnn' veri' le--' tlian of tiie com-'iKinding biriL .at the Im'.wt 
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temperature, but statistical analysis showed that the significance of the 
differences was in no case very high. On combining the results of the two 
experiments, the response to both doses in the temperature range 0°-6-5° C. 
was significantly greater than in the temperature range 21°-32° (see 
Table V), 

These results led us to investigate the possibility that between 0® C. and 



Fio. 5. I'frm-l or tcinpcrnturc on the crop response of pigeons to prolactin. Experiments 

ivl four dinorenl tcnipemtures. 

20® C. there cxi.sts an optimum temperature at ■vvliieli a maximum response 
to a given dose of hormone is obtained. Two further experiments were 
therefore made in which the response to a single-dose level of AP52C %vas 
determined simultaneously in groups of pigeons housed in rooms at four 
different temperatures. The mean tcmjwraturcs were O’, 12’, 21-.’>’ and 
31’ C. in Ex]>eriment III. and 2’, 10’, la’ and 20 rj’ C. in Experiment IV. 
The resnU.s arc given in Table V and plottetl in Fig. 

In one of Ihe-^o cx|>eriment,s there i« an indication of an optimum 
tem^K’ntture of maximum rv^pou'-c at approximately l.'l' C., while in the 
other no optimum is apparent. St.atistical analysis of th*' re-ults 
Table V) confirms t!ie cnnrlu'-ion that tb.e respons*' at ternf'c.-atun'-- al>ove 
2o C. is less than at loner tcmjx'raturcs, and tb.e n--u!!s of the-./- f.\o 
exjv'rirncnts indicate that for maximum rc'-'jv'*n‘e the birtie shmu’d 1-e 
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profomi)!}- iiinintaiiicd al nn cqimhlo loniporaf lire in tlic region of ]r)'’C. 
Resulla ohinined with n given profinration nt dinerenf. times of the year, 
pari ieulnrl^’ in eoiintries wideh exf>erienee extremes of tomjicratiirc in 
ivinter ami summer, are clearly not comparable, and ns temperature may 
not he the only factor influencing the response to a given dose, direct 
comparisons witli a standard should always he made. 


Scrrclonj rrspnn.sr of Ihr. c.rnp-rjhtnd In prohtclin 

It has long been known that the enlarged crop-glands of incubating 
jiigcons profluce a nutritive secretion generally, and rat her unfortunately, 
called ‘ ero[)-milk J?iddle & Rraucher [lO.'ll] showed that this secretion 
could he elicited in non-inculmting pigeons by the injection of anterior 
pituitary extracts. Earl\' in our experience with the croji-gland test we 
noted that, although many experimentally stimulated cro])-glands were 
coated on the inside with ‘crop-milk’ this was not invariably true. It 
.seemed jio.ssible that only the higher levels of croj) stimulation Avero 
accompanied by the secretion of large and easily visible amounts of ‘crop- 
milk’. To invc.stigate the relationship between the naked-eye estimate of 
the crop secretion and the crop-weight and/or hormone dosage, serai- 
quantitative observations on the gross appearance of the crop secretion in 
every pigeon have recently' been made ns a matter of routine. 

Four grades of secretion were recognized. Crops in Avhich there Avas no 
visible secretion adhering to the crop mucosa are designated ns 0 ; the ne.xt 
stage, +, is characterized b}' a thin uniform layer of slimy, yellowish 
secretion extremely diflicult to remoA'-e ; designates the stage in AA’liich 
there is a moderately thick layer of Avhite solidified secretion fairly uni- 
formly’^ distributed over the mucosa, AA-hile in the final stage, + ++> there 
is a solid secretion distributed over the mucosa in large discrete lumps quite 
easy to reinoA’C, Tlic observations obtained in the course of the construc- 
tion of the dose-response cuca’c Avith the international standard prepara- 
tion are summarized in Table VI. It AA'ill be seen that the amount of 
secretion Avhich adheres to the crop mucosa is correlated AA’ith the dosage 
of hormone. When the results are plotted (Fig. 6) a sigmoid dose-response 
curve is obtained. These subjective observations may Avell form the basis 
for a method of assay, but it is unlikely to be as accurate or as useful as 
one based on an objective criterion such as crop-gland Aveight. 

The foregoing results shoAv that AA’ithin the dose range OA’^er Avhich there 
is a graded increase in crop-Aveight the amount of secretion produced by 
the crop is also graded. This raises the question of AA’hether the increase 
in crop size which folIoAvs prolactin injections can be ascribed chiefly to 
hypertrophy due to distension of the epithelial cells AA’ith secretion. The 
results of Leblond & Allen [1937] and La hr & Riddle [1938] using the 
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colchicine technique show, however, that true hyperplasia occurs at the 
same time, so that we may assume the graded increase in crop-weight is 
due both to multiplication of the epithelial cells and to their secretory 
activities. 



I o o 1 > ' 

0 5 10 15 

Total dose in International Units 

I'lo. C. Crop pccrctorj’ rcpponpo to prolnctin. Mean quantity of pecrcted 
‘Crop milk’ (denoted by 0, + , -f -f , + -f + )reloted to do=o of prolactin (I.U.). 
{Note. A minimum do?o of approx. 0 I.U. appears to be neeessarj' to pro- 
duce a visible secretion.) 


Table VI. Graded secretory response of the pigeon crop-gland to different 

doses of prolactin 

Moan 



No. of 


Distribution of crop.glnnd«^ 

secretory 

Date of n'uay 

pipoon'^ 

Total doso 

ncconling to drgreo of rc*«pon.«^ 

re-pon'c 

(Isl injection) 

in group 

(I.U.) 

0 


_> , 

of group 

0/2/40 

10 

3 

10 




0 

27/2/40 


fi 

1 

— 

— ^ 

0 

0/2/40 

10 

0 

r. 


o _ 

0-7 

27/2/40 

4 

0 

3 

f* 

o 

-f-0-0 

0/2/40 

1) 

12 

— 

1 

n 2 

-r2-l 

0/2/40 

10 

IS 

— 

1 

4 r» 

-f 2 4 


SrMM.\r.v 

1. TIio r(‘stilt‘i of ntnm’rotis jirol.nctin ns'^ny.s by the jiitjcon rroji-tt ( ii:!!! 
motbod bnvo boon .nn.nly.'^od statistie.nlly. 

'2. The conohi'-ion'' n'.nobod nrv: 

(d) '1 lierx' is it p'.'sjtivo comd.t*. inn crop-woi^bt .nnd br. iv- 

voiobt, fur trivi ti (iu-o uf honnuno. 
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(b) A sigmoid curve is obtained wlien eiilier absolute crop-weight or 
crop-weight expressed ns n percentage of body-weiglit is plotted 
against dose of liormone. TIjo rclntionsliip between eitlier of the 
above quantities and log dose is approximately rectilinear for total 
doses from 3 to 18 I.U. 

(c) If certain conditions arc fulfilled, the accuracy of the method is 
of the same order as that of the more precise biological methods 
of assay described in the British Pharmacopoeia [I932J and the 
Addendum [1936]. 

(d) Light has no influence upon the response, but temperatures above 
16° C. decrease the stimulation of the crop-glands by prolactin. 

3. At autopsy a subjective estimate of the ‘crop-milk’ adhering to the 
glands of pigeons treated with prolactin shows a graded response between 
the dose and the amount of secretion. This may afford the basis of an 
approximate assay method, empirical and less objective than methods 
based on the weighing of glands. 

4. To attain a satisfactory degree of accuracy in assays of prolactin the 
follo^ving conditions should bo observed; 

(o) Each group should consist of 15-20 birds. 

(b) All the birds should bo kept at the same temperature, preferably 
near 16° C. 

(c) The body -weights of the pigeons should lie Avithin the limits 260-360 
g., the mean weights of each group being as nearlj’’ equal as possible. 

(d) The hormone injections should be subcutaneous, carefully avoiding 
chance intramuscular or intradermal injections which produce less 
response. 

(e) Simultaneous comparison between the preparation under test and 
the standard preparation of prolactin should be made, and the 
results interpreted by reference to a curve relating dose to response, 
previously constructed in the laboratory maldng the assay. 

(/) The calculations should be made on the basis of crop-weights 
expressed as percentages of body-Aveights. 

We are indebted to Dr. F. G. Young for the gift of the preparation 
AP52C and to Messrs. S. C. Watson and A. C. Quiney for technical assis- 
tance. 
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NOTATION 

X, Tlio doso of o preparation injoctod into an animal. 
t. Time. 

If, Any variable dependent upon x or t. 

y. The moan of a group of determinations of y at a given value of x. 
a, The standard interval (see p. 199) of a logistic curve. 

/3, The distance of the point of inflexion of n logistic curve from the origin. 

F, The number of standard intervals equivalent to y (see p. 222). 

X, cc/a, the doso when the standard intorvol is taken as unity. 

B, /S/a, the distoneo of the point of inflexion from the origin when the standard intoiva] 
is taken as unity. 

A'o, lP-s:)/o:, or B-X. 

T, (jS— t)/a, analogous with Xo. 

L, The limiting value of y in a logistic curve. 

2/p. ///-C- 

tv, Any weight factor. 

n. The number of animals in a group. 

oj), ay, etc., The standard deviation of y, y, &c. 

The sum of all values of any expression in the bracket, 
y', x', &c.. Any given value of y, x, &c. 
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Introduction 

Dose/response curves are usually determined for the purposes of biological 
assay, and for this reason the part of such curves receiving practical con- 
sideration is the steep, central portion. When it is desirable to express the 
potency of one preparation in terms of that of another possessing similar 
biological activity, any mathematical form which fits the data ivithin the 
limits of random sampling may be used. Moreover, the range over which 
assays are carried out may be restricted so that any particular form, 
chosen for its simplicity or for other advantages, fits the data within 
prescribed limits, or that form may yet be used even when there is more 
scatter than would be expected from random samphng, and the excess 
taken into account in the estimation of errors. 

When dealing with graded responses, in which the response is a con- 
tinuous variate, the form y = a-\-b\o^x, wliere y is the response and x the 
dose, possesses peculiar advantages. A satisfactory method exists for 
fitting the curve, by which the errors of the constants, and hence of the 
resulting potency ratios, may be calculated accurately. The curve is 
independent of the scale of measurement of dosage, and is a straight line 
when the response is plotted against the logarithm of the dose. A change 
of scale merely shifts this lino parallel to its former position, and if such 
straight fines are fitted separately to two preparations, the horizontal 
distance between them is a measure of the logarithm of the potency ratio. 

Discussions of dosc/response relations have thus been almost wholly 
confined to the use of this very convenient method of graduation. In two 
recent communications. Bliss & Marks [1939 a, 6] have given detailed 
consideration to the design and analysis of experiments involving graded 
responses, and have evolved usefvd criteria by which to assess the accuracy 
with which data arc fitted bj' straiglit log-dosc/responso lines. There arc, 
therefore, very good reasons for using cur\'os of the form y = a-:-51ogx 
for assay purposes whenever possible. However, there are instances where 
the use of such a function appears to limit unduly the range of respoii'^es 
which may be iised in assaying preparations, with a consequent dancer of 
h'ss of time and material when a prejiaration of tinknown potenev is 
assayed. If it jiroved possible to liandle witii ease cur^'cs whicli fit a greater 
part of tlie range of dosage, these might frequently be jircferred in practic'c. 

It is perhaps unnecessary to stress the fact that a cura-e of the fonn 
discussed above cannot fit the whole dose range. It usually fits well enonch 
over that rniige of dosage where the response is chancing mo-t rapiiily 
with chances of dose, but so tlo many other forms. As an insrani'* |Mm- 
mens, the response of the caponV ct'mb to andn'i-tcn^r.i' vas rdve.c 

equally veil la latisl to the «lr.se by th.e followinc <iivcr><‘ cox:at;rm- ; 



196 


C. W. EMMENS 


y = 0'57x-h2-G5, 
y" ~ 7-2x, 

and y = 12*48 log a:- 3-07, 

where x is tlie total dose and y the response in mm. comb growth. The 
logarithmic form docs not pass through zero response at zero dose, and 
unless a is made a variable, certain doses must be supposed to elicit 
negative responses. Furthermore, a curve of this form imposes no upper 
limit on the response. 

It should bo noted that the foregoing docs not apply to a discussion of 
quantal (discontinuous) responses. When dealing with these, it is common 
to use the normal equivalent deviation [cf. Gaddum, 1933] or probit, 
which is formed by adding 5 to the normal equivalent deviation, and to 
plot it against the logarithm of the dose. The rationale of such a pro- 
cedure depends on the observation that the logarithms of the individual 
effective doses tend to be normally distributed more often than are the 
doses themselves. The resulting mathematical relationship is therefore 
different from that under discussion. 

In the present communication wo shall consider another way of relating 
dose to effect by a type of curve which, in the cases discussed, follows the 
whole course of the response. The argument concerns primarily the nature 
of the dose/response curves rather than their adaptability for assaying 
preparations, although a certain amount of discussion is included on the 
subject of errors and relative potencies. It is my intention to give further 
consideration at a later date to the practical use of the curves adopted. 

No simple dose/response curve is likely to reflect with complete accuracy 
the response of an organ or of an individual to various doses of a pharma- 
cologically active agent. Changes in the type or mechanism of response 
which may often be expected at different dose levels will cause deviations 
from a simple curve, apart from considerations of individual variation. 
Thus, it is doubtful whether any such curve holds good over an entire dose 
range, unaffected by compensatory or other mechanisms which wiU, in all 
probability, rarely act in a completely regular or simple manner. However, 
it seemed possible to find ‘rational’ curves which fit certain sets of data 
better than those hitherto discussed in connexion with them, and which 
might have a rather higher status than that of an avowedly convenient 
graduation. An attempt is made to do this, using the response of the ovary 
of the immature rat to gonadotrophins from various sources, that of the 
guinea-pig thyroid gland to thyrotrophin and of the pigeon crop-gland 
to prolactin. These all involve the increase in weight of the organs con- 
cerned under the appropriate stimulation, and are thus more simple and 
natural measures of the effect of an active agent than tests in which an 



DOSE/RESPONSE RELATIONS 197 

arbitrary index of response is used, or in wbicb a definitely indirect action 
is measured. They may therefore be expected to give curves which reflect 
the course of the response of an organ in a way as little artificial as we 
could hope to employ. 

It is appropriate here to record my indebtedness to the work of Chou & 
Liu [1937-8], whose paper on the assay of certain gonadotrophins contains 
the only reference I have found to the use in such assays of the type of 
curve, the logistic, I am about to discuss. Their use of this curve was a 
stimulus to investigate it further, and their conclusions will be discussed 
later in relation to my own. 


The Logistic Cueve 

Towards the middle of the last century Verhulst [1838, 1845, 1847] 
pubhshed a series of memoirs on the growth of population, concluding that 
it could be expressed by a curve of the following type : 

y - ■ ■ ■ ' 

when y is the population, t the time and L the limiting value of the 
population in a given area. The constants a and determine the scale of 
the curs'e. 

Ostwald [cf. 1883 c, 6] used the curve to describe autocatalytic reactions, 
and Robertson [cf. 1908 a, 6] first applied it to the grovdh of the individual 
and to that of organs. Robertson used the form : 


log (2) 


where A is the final weight or volume attained, x the weight at an}' given 
time, t the time at which growth is half completed and K a constant. 
Equation (2) may also be expressed as: 

^ ~ 14.cK«^7) ( 3 ) 

Pearl it Reed [1920], independently of Vcrhulst’s earlier work, re- 
inve.stipaled the growth of population and again arrived at a logistic 
fonmila, using an equation similar to (3) above. Later, Reed it Berkson 
[1920] discussed general applications of the form: 


y—d ^ 


K 

I-r-Ct'*’ 


(4) 


vherx' d, K, C and r are con'^tants, .and the lines y — K and v d nre 
a'.ymptotes of the curve. They also discu'^^ed method'- of fitting th.c cura'c 
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to cxporiincntnl data, Mcnnwliilc, Yule [1920] Imd given an account of the 
Iiistory of the use of the function, and discussed once more its application 
to the growth of poj)ulations and methods of fitting tlie curve. He dis- 
cussed in particular the form (1) above, which, if we choose the point of 
inflexion ns zero time, a ns the unit of time and the limiting value L as 
the unit of population, so that = yjL, takes the simplest form : 


yp = 


1 

l-fc-’-* ■ 


( 5 ) 


Tliis limits the generalit}’^ of the curve to a symmetry about the point of 
inflexion, and the curve rises very slowly near the base line, turns up more 



Fia. 1. Tho logistic curve, for values of tho independent variate (A'o), 
in standard intervals, between ±4. Tho ordinate, j/p, is a proportion 
which approaches luiity ns ~y oo. 


steeply as zero time is approached and then gradually flattens out asymp- 
totically to yp — I (Fig. 1). Equation (5) will form the basis of our dis- 
cussion of the application of the logistic curve to experimental data which 
at first sight may seem to differ fundamentally from any to which the 
curve has, with the exception of Chou & Liu’s work, already been applied. 
Instead of making the dependent variate, y, a function of a time, we shall 
be concerned with it as a function of a dose. The interdependence of the 
two, dose and time, will be discussed later. 


Considering the form : 


Some Pbopertibs of the Logistic Curve 

L 


y = 


( 6 ) 


l^eip-x)la’ 

which is analogous to (1), above, with a general independent variable, x. 



(V 

( 8 ) 
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instead of a time, t, -we see that [cf. Yule, 1925] 

y dx a\ Lj 

- • ■ 

The constant of integration, is evidently to be measured in the same 
units as x. By analogy with the standard deviation, a was termed by 
Yule the ‘standard interval’, a name which we shall adopt here. The 
point of inflexion of the curve, given by (8), is y = iL, x = p. The curve, 
symmetrical about the point of inflexion, is furthermore asymptotic to 
y = 0, y = L. Eollowing Yule’s simplification (5), we may write: 

= <»! 

- ^ “ l-s, (10) 

i/p dXo 

where y^ = y/L and Xg = {^—x)Iol, and Xq is measured with the standard 
interval as a unit, the point of inflexion being Xo = 0. The proportional 
rate of increase of y is a linear function of y (equation (10)) and falls con- 
tinuously from the start. 

Yule [1925] gives tables of the corresponding values of y and t (Xo in 
our case) for equations (5) or (9), and points out that we could draw a 
logistic curve once and for all and fit the data to it by replacing the actual 
value of y by its ratio to the limiting value, L, making the points of 
inflexion coincide, and taking the standard interval ns unity. This is 
done in the curves which follow, except that the actual values of y have 
been indicated on the appropriate axes. Curves which share the same 
value of L can then be included on a single graph by adjusting the hori- 
zontal scale in each case. 

These considerations help us to see whj- a function such as the logistic 
should be applicable to dosc/response relationships in which the growth 
of an organ is involved. Such growth has both an upper and a lower limit, 
and the proportional response falls as the total dose of a trophic substance 
rises. Although the latter condition is also fulfilled by a linear log-dose/ 
response relationship, the fonner is not. Further discussion of the factors 
which may he supposed to determine the logistic nature of the dose/ 
rosjionse ciirvc arc best left until we have demonstrated its practical 
applicability, and we shall consider them in some detail later on. 

JIktuods or I'lrnxR rnr Crnvr. 

A number of methods of fitting the logistic curve have alreadv Ik-cti 
disc\issed by Verhulst, by Pearl A Reed [I 9203 . Yule [1925], Rer-i ’c 
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Berkson [1929] and Wilson & Puffer [1933]. They are mostly applicable 
with success to data which run smoothly and to which a curve could be 
fitted by eye alone with little error. The deviations of our own data from 
any curve which may be fitted to them are often large, and the error of any 
given determination may differ widely from that of another. The only 
method already described which seemed likely to be useful to us was that 
of percentage increases (Method (3) of Yule [1925]), and the corresponding 
method of Reed & Berkson [1929] by which log[{L—y)jy] should lie on a 
straight line if plotted against x. The methods were found to be tedious 
and not very accurate in practice, and the following method Avas finally 
adopted as giving Avith fair accuracy the best fit of a series of points to 
a previously chosen curve. 

In the first place, a method of trial and error confirmed my belief that 
the dose/response curve should have, as its loAver asymptote, the x axis, 
and not as an asymptote a line parallel to that axis and passing through 
tlie control Aveight, as A\'as used by Chou & Liu [1937-8], Avith, however, 
certain departures from their theory. Secondly, the upper asymptote is 
determined from those points Avhich are obviously on the 'ceiling’ of the 
curve. It Avas sometimes necessary to make a feAV trials in order to deter- 
mine the best value for tliis asymptote, and in grouping results AA'ith 
similar extracts on one curve an approximate value has been found 
sufficient for our purpose. 

The scale of the y axis being determined, the curve is then draAAm to cut 
the y axis at the control Aveight and AAoth standard intervals marked out 
along the x axis, or a standard curve may be used with suitable adjust- 
ment of the axes and scales. Those points Avhich Avere not used to form 
an estimate of the limiting value of y are then used to read off from the 
curve the number of standard intervals equivalent to each mean response, 
y, talcing the origin as 0. Alternatively, the entire process may be carried 
out mathematically or by the use of Yule’s tables, but the more rapid 
graphical method seems sufficiently accurate. Each total dose is then 
divided by the corresponding number of standard intervals, giving a series 
of estimates of the number of mg. or units of extract equivalent to a 
standard interval. A mean value of this latter quantity is then taken to 
determine the final dose scale, and the points are plotted on that scale. 
If the variance of the mean proportional response (y'/L) varies from group 
to group, these estimates may be Aveighted accordingly, but the percentage 
standard error of the response is often fairly constant. 

This relatively simple and rapid method yields satisfactory results. If 
it were of great importance to determine Avith exactitude the best-fitting 
logistic curve, additional refinements of the method would be necessary, 
but as it stands, it gives a good approximation to the best-fitting curve. 
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quite adequate for dealing -with the type of data with which we are con- 
cerned below. For accurate working, it must be recalled that o-^-, the 
standard error of any given estimate of a, is not directly proportional to 
o-j., and that the estimates of L and of the control weight are subject to 
error. 

Considering the form 


let (= VolL) he the value which corresponds with a: = 0. 

_ 1 

Vpo — i^gP!ix- 


Then 

Hence 


Where 


= — !( 1 \ 


,2 - °6. . Vo^i 




O 





The standard errors above apply to large samples only. 

If we ignore the error of y^^, which is small when an adequate number 
of controls have been used, and that of L, the value of which may be 
determined quite accurately if necessarj% we find 


= 21 

^'yp{^~yp)' 


If the percentage standard error is constant, i.e. a,, = hy^. 




The weights to he used in the calculations may be constructed so that 

. 1 • 

w oc in each case. 

In practice, we do not know the error of L, and unless we devote con- 
siderable time and labour to reducing this error to negligible proportions 
by the addition of sufficient experimental data, the exact error of a 
jirobably cannot be determined in the way indicated above. On page 222, 
consideration is given to a further and probably more profitable method 
of fitting the logistic curve when such errors ma^- be of iinj>ortance, as in 
the ascay of one preparation in terms of another. The present method of 
fitting is, however, more rapid, and adequate for its punw^e. 
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Example 

Wo take ns an example tlio assay of PMS22 (Table I), an extract of 
pregnant mares’ scrum, which, when injected into immature female rats, 
causes an increase in ovarian weight. 


Table I. Data relating to the fitting of PMS22 


Total doso 

^^’■t. of 
ovnrios 

Equiv. do.so 
in standard 
intorvnl.q 

Woigljt 

factor 


w’x' 

(*') in mg. 

(y’) in mg. 

(A") 

(w') 

A' 

Ic 

001 

23 

0-80 

80 

0'0113 

0-908 

002 

63 

1-84 

230 

0-0107 

2-405 

0-03 

C5 

2*12 

447 

0-0141 

6-296 

005 

172 

4-27 

IID 

0-0117 

1-392 

Sum: 

— 

— 

87C 

0-0478 

11-001 


From this and similar extracts, the limiting response has been found to 
be approximately 220 mg. From the curve, y = 220 / 1 + 0 ”-'^ and the line 

Table II. Data relating to the response of the ovary of the immature rat to 
extracts of the serum of pregnant mares 






No. of mg. 


Total 

No, of 

Wt. of 

equivalent to a 

Extract 

doso 

rats 

ovaries 

standard interval 


(mg.) 


(mg.) 


International 

2-5 

10 

22 


standard 

5-0 

>» 

33 


preparation 

7-5 

>» 

60 



10-0 

»» 

79 

4-08 


10-0 


141 



20-0 

» 

194 



26-0 


202 


PMS14 

1-5 

10 

20 ■ 



2-6 

»» 

25 



6-0 

»> 

47 

3-03 


10-0 

>* 

106 



26-0 

*» 

168 


PMS18 

0-5 

20 

42 



1-0 

16 

104 



1-6 

10 

163 

0-346 


2-0 

ft 

206 



2-6 

»» 

245 


PMS22 

0-01 

10 

23 



0-02 

9 

63 

I- 0-0126 


0-03 

10 

65 



0-05 

6 

172 


PMS24 

0-25 

20 

33 



0-375 

10 

56 



0-6 

20 

91 

0-208 


0-76 

10 

131 


1-0 

91 

203 



5-0 

o 

178 
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X = — 2'99, whicli cuts the curve at the point y = 10-6, the control 
ovarian weight, we determine the data in column 3 of Table I. The weight 
factor, w, is calculated as indicated above, the quantity Siw'x'jX') divided 
by S{w') gives the mean number of mg. of P]iIS22 equivalent to a standard 
interval, this is 0-0126. If weight factors are not used, it works out very 
nearly the same, at 0-0120. The data for PMS22 are then plotted on the 
curve (Fig. 2) with a = 0-0126 mg., due allowance being made for the sign 
of Zfl, which is used in the figures so that it has zero value at the point of 
inflexion of the curve, although the actual dose naturally has zero value 
at the origin. This change of scale, although perhaps confusing at first, 
has been adhered to because it remains a constant measure from curve to 
curve, whatever the nature of the response investigated or the extract 
causing it, and enables one to see at once the relation of the point of 
inflexion to the y axis. If equation (9) be -written in the form : 


^ ~ 1+cB-^’ ■ 


(H) 


where B—X = Zq, then in the example, L = 220 as before, B = 2-99 
(the distance of the origin from the point of inflexion when reading along 
the X axis), and X — a:/0-0126. This is the most convenient form in which 
to -write the equations of the curves which follow. 


Response of the Ovakv of the Immattoe Rat to Gonadotrophins 
The technique of assay used in determining the activity of gonadotro- 
phins has been described by Deanesly [1935]. Groups of 10 rats per dose 
are usually employed, at a bodj'-weight of between 40 and 50 g. An 
injection is given each day, for 5 corusecutive days, the animals arc killed 
on the sixth day and the ovarian weight is determined after fixation in 
Bouin’s fluid and immersion in 70yo alcohol. 

(a) Extracts of the scrum of ‘pregnant marcs 
Five preparations of the scrum of pregnant mares have been investi- 
gated in sufficient detail to be used to form an estimate of the nature of 
the dosc/response curve (Table II and Fig. 2). The average ovarian weight 
of 100 unstimulatcd immature rats of the body-weight used in the tests 
was 10-6 mg. This may be taken as the point on the y axis through which 
the dosc/rc.spon.ee curve must pass. As described above, the maximum 
average ovarian weight obtainable under stimulation from this tvpo of 
extract is approximately 220 mg., which is taken as the limiting value 
of 1 /. The data were therefore plotted in relation to the cur\-c, 

2-20 
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as shown in Fig. 2. Tiic point of inflexion, at Xq = 0 or Z = 2-99, occurs 
at an ovarian weight of 1 10 mg, Tlie number of mg. of each extract which 
is equivalent to one standard interval (the mean value of z'jX'), given in 
Table II, varies from sample to sample, and an estimate of the relative 
potencies of the extracts may be calculated from the values it assumes. 
Thus, the potency of each PMS extract may be expressed in terms of that 
of the International Standard by dividing the index given in the last 



Fig. 2. Tlio logistic curve fitted to the data for the response of 
the ovary of the immature rat to extracts of tho serum of 
pregnant mares (Table II). The dotted curve is a logarithmic 
curve (see text), which fits the data over n wide but limited range. 

O The international standard preparation. 

3 PMS14 O PMS22 

© PMS18 O PMS24 

column of Table II into that for the standard, but the errors of such 
estimates are not accurately Imown. 

It win be seen from Fig. 2 that the logistic curve fits the data well, with 
PMS14 as a possible exception. Each extract is connoted by a different 
symbol, and is, of course, fitted separately to the curve. The error of 
the mean response increases with the response itself, hence the points on 
the ‘ceiling’ show a greater degree of variation than those on the lower 
part of the curve. The only departure from the logistic shown by these 
data is the tendency to give a slightly higher response at the lowest dose 
levels than the curve predicts, but the deviations are small and not sig- 
nificant, and are probably caused by errors of fitting. As was mentioned 
earlier, the curves discussed here have been fitted by approximate methods 
only. 



DOSE/RESPONSE RELATIONS 205 

The dotted curve in Eig. 2 is logarithmic, and has the equation 
y = 381-OlogZ— 72-1. 

It has been fitted to the central values, between Xq = — 1 and 4, which 
values it fits very ■well. But, it is clearly impossible to obtain a good fit 
with such a curve over the whole range of response, whereas the logistic 
curve covers this complete range. Although the data for different extracts 
have been made to fall on the same logistic curve, by adjusting the abscis- 
sae, this has little to do with the departure sho-wn from the logarithmic 
curve, as no amount of adjustment would give a good fit to the latter. 
An extrapolation of the logistic curve to the left of the y axis may not be 
without meaning. The relationship between the dose/response curve and 
the growth which is occurring as a result of the natmral stimulation from 
the animal’s o\vn gland(s) will be discussed later, and it is sufficient for the 
moment to indicate that the logistic curve may have a meaning throughout 
more than the range covered by experimental findings. 

(6) Extracts of human and of horse, pituitary glands 

One preparation of human pituitary glands from both sexes, two of 
horse pituitary glands and one of gelding pituitary glands have been 
investigated and have been found to have, vithin narrow limits, the same 
dose/response cun’e. This curve, shown in Fig. 3, plotted from the data 
of Table III, is a logistic curve with an L of 100, having the equation 

„ 100 

Table III. Data relating to the response of the ovary of the immature rat to 
extracts of human and horse pituitarics 







Xo. of mg. 


Tola) 

‘No. of 

\Vt. of 


equivalent to a 

Extract 

<Io^ 

rats 

ovaries 

standard interval 


(mg.) 


(mg.) 



A1M7 (Huinnii) 

I-O 

10 


' 



20 


49 




30 


OG 


1-031 


40 


S4 




.".0 

r> 

100 



AlMin (Horvo) 

o-.'-. 

10 

33 


1 


10 

,* 

44 

1 

} 0-4^3 


23 

5 

7 8 

J 

I 

Al’fiin (Hor-r) 

o-.'. 


ir. 

'I 



1-2.'. 

lo 

o » 


[ l-OSo 


23 


r»8 

1 



0 


or. 

i 

1 


10 0 



1 

J 

1 

ittf-Mir,;'] 

1 1-2.-. 


CO 

1 1-OlG 


^ .*» 




r. 


07 


!• 



20G 
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A logarithmic curve fitted to tlie same points, tlic dotted curve in Kg. 3, 

is again an excellent fit over a limited range, vith wide departures from the 

true curve at the upper and lower limits of response. The equation of this 

curve is , r. t . 

y ~ 130-8 log A +8-24. 


Extracts of sheep, pig or ox pituitary glands do not produce such high 
maximal responses as those considered above. Our data with regard to 
these extracts are not sufficiently extensive to warrant the plotting of 



Fig. .3. Tlio logistic curve fitted to tho dnto for the response of the 
ovary of tho immature rat to extracts of pituitarj- glands (Table III). 

Tho dotted curve is a logarithmic cur%'o (seo text) which fits tho 
data over a wide but limited range. 

O AP47 (Human) © AP41 D (Horse) 

3 APCl B (Horse) © AP70 B (Golding) 

curves, but the highest ovarian iveights attainable are approximately as 
folloAvs: pig and sheep pituitaries 25-30 mg. ; ox pituitaries 15-20 mg. A 
ceiling of 100 mg. is thus by no means characteristic of pituitary pre- 
parations. 

(c) Extracts of the serum and of the iirine of pregnant women 
Table IV and Eig. 4 show the data available for tliree extracts, one from 
the serum and two from the urine of pregnant women. The response of 
the rat ovary to extracts from these sources is very limited, not exceeding 
40 mg. with urinary extracts, and 50-60 mg. with extract of the serum. 

The serum extract, PWS77, provides the only clear-cut case in which 
the logistic curve cannot be said to fit the data better than a logarithmic 
one (see p. 214). The urinary extracts are fitted well by a curve asymptotic 
to y = 40, the equation of which is : 

40 
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Table IV. Dala relating to the response of the ovary of the immature rat to 
extracts of the serum and urine of pregnant women {chorionic gonadotrophin) 






J7o. of mg. 


Total 

Xo. of 

Wt. of 

equivalent to a 

Extract 

dose 

rats 

ovaries standard interval 


(mg.) 


(mg.) 


PWS"? (serum) 

0.0G25 

10 

13 



0-12o 

19 

21 



0-1875 

10 

23 



0.25 

9> 

27 



0-5 

»» 

32 

0-139 


0-85 

20 

37 


1-25 

10 

43 



2-0 

»» 

47 



2-5 


57 



5-0 

9* 

51 


XJP12 (urine) 

0-0025 

5 

20 1 

1 


0-125 

• * 

27 ' 

y 0-0725 


0-25 

»» 

34 J 

1 

UP27 (urine) 

0-0125 

10 

14 I 

1 


0025 

0-05 

15 

20 

19 1 

27 

1 0-0278 


0-1 

10 

40 J 

1 

Unstimulntcd 

— 

100 

lOG 

— 


controls for 
Tables II-IV 



1 lo. 4. Thn j'' r\irvo to cl.'\t:\ for tl'.^ of 

csv{\ry cf tl^c itTvtT\rituTt' rat to f*xtn\ct«i of or of 

(Toblo IV). Tli*' clotto'l rtir%'o i< n In^TTrilbniic' 
tuivt' v,ht-h fi\~< tin' li.-iTA for TWS77 th.".n i)i'> 

li^ri'tsc cnrvr. 

C VWS77 (j^r-iTTi T'Ytrr^t) 

J l*ri- (Vnr**' ) 

^ \*r»7 rxtr;.' *.> 
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The serum extract is fitted well by the logarithmic curve 

y = 21-03logA'-}-21-50 

OA’’er the range y ~ 10 to ‘10 mg., but not so well beyond that. A logistic 
curve asymptotic to a higher ovarian weight fits the data for PWS77 even 
worse than the curve as^nnjitotic to ‘10 mg. 

It will be .seen that with these extracts, which give a low ‘ceiling’ value 
for the ovarian weight, the .sigmoid character of the logistic curv^e is 
masked, wlien only that part which lies to the right of the y axis is con- 
sidered. This masking is, as we have seen, accompanied in the cases under 
consideration by a less definite superiority of the logistic curve over a 
logarithmie one. 

Response of the Tjiyroid Gland of the Guinea-pig to 

Thyrotrophin 

Eight thyrotrojihic extracts of ox pituitar}'^ glands liave been tested bj’’ 
the method of Rowlands & Parkes [1934], by which female guinea-jiigs of 
about 200 g. body-weight are given a daily injection on each of five con- 
secutive days, and are killed on the sixth da 3 L The thjwoid glands are 
fixed in Bonin’s solution and weighed after a period in 70% alcohol. 
Rowlands & Parkes originally concluded (using extract T17B) that the 
thyroid weight bears a linear relationship to the logarithm of the dose. 
The fuller data now available (Table V and Fig. 5) show that a logistic 
curve is to be preferred for descriptive pur])oses. This curve, passing 
through the control thjn-oid gland weight of 30 mg., is asymptotic to a 
limit of approximately 90 mg. and has the equation 

90 

y ~~ l_|_gO G9-,Y- 

The logarithmic curve, 

y = GG-lOlogA+SO-O, 

is almost coincident with the logistic one over the range used for practical 
purjioses, but it does not, of course, pass through the necessary control 
value, and rises too steeply above a thju’oid gland weight of SO mg. 

A peculiarity of the response of the guinea-pig’s th3'-roid gland to these 
extracts is that the standard error of the mean weight of glands from a 
group of animals varies little at different dose levels. Hence, the scatter 
of the points about the curve is as great near the control Aveight as it is 
at higher values. 

Response of the Pigeon Crop-gland to Prolactin 

Nine preparations of prolactin from the anterior pituitar 3 '^ glands of oxen 
or pigs (Table VI) have been assayed by the method of RoAAdands [1937]. 
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Briefly, daily injections are given to male or female pigeons on six con- 
secutive days, and the birds are killed and the crop-glands dissected on the 
seventh day. The weight of the crop-gland is determined after fixation in 
Bouin’s fluid and immersion in 70% alcohol. In his original method. 


Table V. Data relating to the response of the guinea-pig thyroid glands to 


extracts of ox anterior pituitary glands 




Eo. of 


No. of mg. 


Total 

guinea 

\Vt. of 

equivalent to a 

Extract 

dose 

pigs 

thj-roids standard interval 


(mg.) 


(mg-) 


AP8B 

7-5 

10 

52 



15-0 

t* 

58 

10-42 


200 


70 


35-0 

.. 

79 


T17B 

10-0 

10 

54 1 



20-0 

„ 

G4 1 

> 11-77 


350 

** 

80 


SOO 

• 

♦ f 

83 J 


AP52D1 

2-5 

5 

52 ' 



5-0 

35 

CG 

• 3*05 


100 

5 

79 


20-0 

f# 

92 


AP15B 

10-0 

25 

47 

1 


200 

15 

G7 1 

^ 11-3G 


33-0 

10 

83 j 

1 

r22B 

100 

10 

.50 

1 


200 


82 

)■ 8*33 


35-0 

.. 

85 J 

1 

AP37D1 

.50 

10 

45 

1 


7-5 


80 

CO 


100 

.. 

8G 

) 

AP32D1 

3-25 

5 

50 

1 


50 

15 

51 

i 4*19 


10-0 

10 

77 

) 

TlUO 

0-75 

10 

43 

) 


1-25 


CG 

> 0-S77 


2-5 

• * 

SI 

J 

Controls 




30 

— 


Rowlands cxprc.sscd (lie weight of the crop-glands ns a percentage of the 
body-weight, hut the crude cro]»-glnnd weights have been found rather 
more satisfactory in tliis jiarticular investigation. Tiie average weight of 
thirty tinstiniulatod crop-glands was 1-31 g. 

The data for the first three extracts listed in Table VI are fitted by a 
logistic curve w ith an upper limiting value of ;/ - - 10 g. (Fig. 0) having the 
eijuation; 


10 
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and less "well b}' the logarithmic function, 

y = 7-754 logX+3-21, 
which is tlic best-fitting log-dosc/response curve. 



Fig. T). T1)o logistic curve fitted to the dntn for tho response 
of the thyroid glnnd of giiinon-pigs to various tlijTotrophio 
(pituifnry) extracts (Tnblo V). Tlio dotted curve is a 
logarithmic curve (.see text), which fits tho data over n wide, 
but limited, range. 

O AP8B © P22B 

O T17B O AP37D1 

O AP52D1 O AP32D1 

O AP15B © THIO 

The remaining six extracts are fitted b}'^ a logistic curve with an uppe 
limiting value of ?/ = 7 g. (Pig. 7), having the equation 

7 

y ~ 1 -|_ el-47— V’ 

and markedly less v-ell bj'^ the logarithmic curve 

y = 6-381 logX-f 2-51, 

which fits the data quite well over the range Xq = —0-5 to Xq — 3, bu 
not beyond these limits. It is again clear that a logarithmic curve canno 
describe the whole range of the response to such extracts. 

We are unable to explain whj'- these lactogenic preparations segregate 
into two groups. In common with all of the assays described here, thej 
Avere made over a long period, usually only a point oi- two being deter- 
mined at a time. This segregation, Avhich cannot therefore be ascribed tc 
time-to-time variation in the sensitivity of the birds used, or to assay 
technique, is seemingly due to differences in the properties of tlie extx-acts, 
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Table VI. Data relating to the response of the crop-gland of pigeons to 
extracts of anterior pituitary glands (prolactin) 






Crop-gland 

Eo. of mg. 


Total 

Ko. of 

m. of 

■vrt.-^body 

equivalent to a 

Extract 

dose 

pigeons crop-glands 

•srt. standard interval 


(mg-) 


(g-) 

% 


APSTC (ox) 

3-0 

20 

1-70 

0-52 

1 


4-5 


2-12 

0-67 



60 

»t 

4-26 

1-13 



10-5 

9f 

4-45 

1-35 

6-00* 


18-0 

99 

7-23 

2-12 



30-0 

10 

9-20 

2-25 



52-8 

99 

10-30 

2-3G 


AP50C (ox) 

60 

10 

2-22 

0-G5 

1 


}20 

18-0 

20 

10 

3- 02 

4- 21 

1-00 

1-46 

1 lO-lO* 


24-0 

20 

4-8C 

1-41 

1 

AP55C (ox) 

3-0 

10 

3-82 

1-12 1 

1 


6-0 

f* 

.5-45 

1-5G 

[ 2-Gl* 


180 

99 

9-31 

2-38 J 

1 

AP48C (ox) 

30 

5 

4-OG 

1*22 *' 

1 


6-0 

10 

6-53 

1-94 j 

^ l-OGf 


180 

>* 

7-55 

2-07 J 

1 

LP8 (ox) 

06 

10 

1-35 

0-4C I 

1 


1-5 


2-84 

0-S9 

1 l-4Ct 


3-0 

5 

5-17 

1-35 


CO 

»♦ 

6-18 

1-CO J 

1 

APG2 ( 1) 

1-5 

5 

1-21 

0-28 ' 



3-9 

10 

2-71 

0C9 f 



CO 

r> 

4-3,5 

1-54 

3-S7t 


120 


5-19 

1-34 


300 

.. 

C-94 

1-94 J 


AP-fCC (ox) 

30 

10 

4-01 

1-07 •' 

1 


CO 

r» 

0-19 

1-90 ' 

[ l-'lt 


120 

•» 

0-34 

2-12 J 

APtriC (pip) 

ISO 

10 

i-r.s 

n-59 1 

1 


300 

r» 

1-70 

o-5ri ' 

04-Ot 


COO 


2-95 

1-01 J 

1 

l.Pl (ox) 

0 0 

r 

2-31 

0-50 



0 9 

10 

.VI 3 

l-Oo 



ir. 

,, 

0 24 

1-01 

o-.'iOt 


1-S 

r» 

0 .50 

1-70 



3 0 

,, 

S-20 

i-i-: 



r, 0 

10 

5-7'' 

1-35 


ColUlo!. 

-- 

no 

1-31 

o r.o 
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Kio. 0. Tlio logistic curve fitted to the dnta for the response of 
tlie pigeon crop-gland to various lactogenie (pituitary) extracts 
(Table AT). Tlic dotted curve is n logarithmic curve (see text), 
which appears to fit the data nearly ns well ns the logistic curve. 

© Ar37C © AP50C 9 AP55C 



Fig. 7. The logistic curve fitted to the data for the response of 
the pigeon crop-gland to further lactogenic (pituitaty) extracts 
(Table A^I). The dotted curve is a logarithmic curve (see text), 
which fits the data over a limited range. 

9 LP8 © AP48C 

C AP62 C AP43C 

9 LPl Q AP32C 
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Goodxess of Fit 

The convenient and relatively rapid method of fitting which has been 
used has, besides the disadvantage that errors are not calculable vith 
accuracy, the further related disadvantage that no exact test is possible 
of the goodness of fit obtained. The first drawback is of little moment at 
the present stage, and the second is somewhat annulled by the fact that, 
even if an exact test of goodness of fit were available, time-to-time varia- 
tion in response might vitiate much of its supposed accuracy. This source 
of variation, which is known to occur in many assays of these types, has 
been almost completely ignored, for in only one instance (UP 12) have all 
of the points been determined simultaneously. 

The ratio between the variances 

h—2 


and 


S(y—yf 

.S(n)-/c’ 


where n is the number of animals corresponding to dose r, and h is the 
number of doses, should, however, give a sufficient indication of the 
accuracy with which the i)oints are fitted by the curves. The variance 
ratios obtained by this method will not have exactly the distribution upon 
which Fisher & Yates’s [1938] tables are founded, because least squares 
iiavc not been used, the logistic curve is not linear in a, ^ and L and the 
variance of y may not be the .eame at all values of x. It is interesting, 
therefore, that the rc.sults so obtained (Table VII) appear to give reason- 
able answers. 

The first variance .shown above was calculated exactly as indicated in 
the fornuila, and is referred to in Table VII as the variance due to devia- 
tions from the logistic. The second variance, referred to as that due to 
raiKlom sampling, was not in fact estimated in detail from the fvdl data, 
but is (piitc accurately known for each tyj)c of test from the following 
R'latinnships. In tests of gonadotrojdiic activity, each animal contributes 
on the average a quantity to the total sum of squares of deviations from 
i 7 whicli is e(pial t<i where ij is the mean of the group to which it 

belongs. In to-ts of lactogenic activity the (piantity is j>cr animal, 

for in both ty[>cs of test the variam-e increases ajipro\im.atcly as the stpiarr' 
o( the tvsponve. In tc-'ts of tbyrotrojibic .activity, the variari'-o is little 
aficeted by the ri''pou^e level, ami the s\nn of sqvtarcs may ire t.aV.i n a-. 
11'eeiviie.; on the :iveni"e a eontributiim of Ktn js-r :inim.'il. nle-n tie- 
n'spon''(> is mcavntx-d in mg. Wheii. a*, .at pn'-i-n*. large numb'-.e. ,,f 
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cUiinuils and dose levels ai’e involved, the above relationships may bo 
accc])tcd with confidence. 

The variance ratios and the values ofJ^ tlic iwobability of equalling or 
exceeding each ratio by chance, which arc given in Table VII, indicate 
a significant dilTercncc in only two eases. It will be seen that all extracts 
of a sijuilar tyjic were at first tested together, and further tested only if 


Table VII. of (joodness of fit for the data of Tables II-VI 


Dntn for 

Extrnpts of progimiit 
innrea 


Variniico 
duo to 

f Dovinfiotis from 
\ logistic 


Sum Degrees 

of of Menu Vftrinneo 

squares freedom .square ratio 


050 


a’ serum (Table II) | ^ ' 

L llatidotn sampling ■n0-120 

’ituitarv goimdotropliiiis f ti'orn 3110 

(Table III) i 

L llandom sampling olGoO 


Pregnancy gonado. 
(ropliins (luiman) 
(Table IV) 


(urine extracts only) 


f Deviations from 5370 

•! logistic 

(. Ilandom sampling 20020 

f Deviations from MO 

•j logistic 

(. Ilandom sampling ‘JOIO 


f Deviations from 

Thj’rot rophins (Table V) logi.stic 


(omitting AP37D1 ) 

Prolactins (Table VI) 
1st curve (Fig. G) 

Prolactins (Table VI) 
2nd curv'o (Fig. 7) 


cno 

(, Random sampling 39000 

I" Deviations from 3330 
J logistic 

(. Random sampling 35100 

f Deviations from 5820 
< logistic 

(. Random sampling 72G10 

{ Deviations from 3810 
logistic 

Random sampling 42180 


2G8 

14 

114 

15 

172 

5 

63 

25 

273 

22 

246 

12 

196 

22 

136 


2122 

1542 

tJOO 

453 

358 

122 

28 

78 

256 

143 

151 

142 

485 

371 

239 

310 


P 

1- 37 > 0-05 

0- 49 > 0-05 

2- 93 < O'OOl 

0'30 > 0-05 

1- 79 CO. 0-01 

1-06 > 0-05 

1-31 > 0-05 

0-77 > 0-05 


a significant departure from a variance ratio of unity were found. The 
first instance of this is found with gonadrotropliins from iiuman pregnancy 
material (Table IV), where tlie deviations from the logistic are significantly 
greater than they should be (P < 0-001). This departure is entirel3'^ due to 
PWS77, the serum extract. When the urinary extracts alone are tested, 
the deviations from the logistic are rather less than might be expected, 
but not significantly so (P > 0-05). The second instance occurring with the 
thyrotrophins, where P = ca. 0-01, is likewise entirely due to one extract, 
AP37D1. When the data for this particular extract are deleted, the 
variance ratio becomes 1-06. The other classes of extract, namely, gonado- 
trophins from the serum of the pregnant mare, and from human and horse 
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pituitaries and the lactogenic extracts contain no aberrant members and 
the variance ratios range about unity vithout departing significantly from 
it (P > 0-05 in all classes). 

We may then be well satisfied by the accuracj’^ with which the logistic 
curve fits aU of the material under discussion, with the exception of the 
two extracts mentioned. The discrepancy with AP37D1 is not serious, and 
seven other similar extracts are fitted by the curve, but that with PWS77 is 
very unlikely to have occurred by chance. The test of goodness of fit we 
have used seems adequate, to judge by the results it gives, and we must 
therefore conclude that the data for PWS77 are not fitted best by a 
logistic cur\'e. 

The Posmox or the Origix RELATn’E to the x Axis 

Pig. 8 shows the points at which the various curves we have discussed 
are cut by the y axis, omitting, for clarity, the prolactin curi-es. In each 
case, the ij axis is so arranged that it is dhided by the curve at a point, C, 
at which the value of y bears the same relation to L, its maximum value, 
as the weight of the control organs do to the maximum weight attained. 
The lower ‘tail’ is therefore cut off more and more as the proportion of C 
to L increases, so that when CjL is large, the S-shaped effect is lost over 
the region used as a dosc/response cur\-e. 

The Geneuality of the Logistic Fcxctiox 

The data discussed above, covering a variety of material, have served 
to indicate that the logistic curve is of wide practical application to 
material of the tyjie under consideration. A random selection of .similar 
dosc/response data from the literature also .shows that, whether the 
authors have given consideration to the mathematical cxprc.ssion of their 
rcsidls or not. few have jiroduccd data which do not seem to be better 
fitted by a logistic curve than by any other simple cur\'o. We have not 
examined these curves in detail, since we arc in a better position to deal 
with the errors and implic.atiuns of our own results than with those of 
other workers, hut reference may he made to the pa{>er.s of Dcaricslv 
(ItKt.'’)]. Fevohl. Hisaw A: Grccp [10:{7j. l^evin A Tyndalc [H'37], Ham- 
burger vt: IVden-cn-Rjcrgaard [lti37, Heller. Law,-nn A .‘^cverinclians 

[lO.'tS], ('iirtland A Xelson [ItEts] and Tyndalc, I/'vin A .‘^inith [HiaS] foj- 
eiirve-. ^howing the re>])onse of the ovary or ut'TUs of rodcTits to varifius 
{.’Oiuuhitropliiiw. ali sugci'stive of a logi'^tic nitlier than of a lognritliinie 
do a- rc'-jioiwc relali(ui'-hi]). 'flien' are fi-w lairve- available ff'rthy.’-otrophif 
.and lat t< >;:cnic pnqiar.itionN. anil of them, tho'-o (T.'^mel-'-r (I'.'asl for tl." 
re q'oiue of the ehick or guinr.a-p'Lr thyroid gl.and <lo r.o* M-t ni to If htt' d 
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by logistic curves, viiilc the curves of Bates [1037] and possibly those of 
Lyons [1037] arc better fitted by a logistic than by a logarithmic function. 

It is not easy to generalize farther in regard to the application of the 
logistic curve. It may be ajiplicablc, and probably is, to a much vider 
range of data than those we have considered. Thus, the results of Marks 
[cf. 1 030] dealing with t he rcsjionsc of the blood-sugar of rabbits to insulin, 



Fig. 8. Gonornl logistic ns in Fig. 1, sliowing llio point nt ivliich tho y nxis cuts the curve 
in the nssny of various propnrntions. This is such Mint j/j, nt Mint point = control weight 
divided by mnxinuun limiting weight, ns is indicnlod by tho scnles shown on the nxes. 


of Deanesly & Parkes [1030] dealing with the response of the prostate and 
seminal vesicles of the male rat to androgens, of Emmens [1039] dealing 
vdth the response of the baby chick’s comb to androgens, and of many 
others Avho have fitted a logarithmic line to their data, deviate from such 
a line in the directions to be expected if the true relationship of dose to 
response Avere of a logistic nature. It seems probable, therefore, that a great 
number of dose/response curves are in fact logistic in t 3 qAe, in particular 
AAdien the response is the Ai-eight or A’^olume of an organ or tissue, or a simple 
function of it. 

The Factoks aahiich Shape the Logistic Cuba’^e 
Y ule [1925] discusses in some detail the underlying phenomena AA^hich 
may be supposed to control the groAi'^tli of populations and Robertson 
[1908 a, b and other paiiers] those AAdiich control organic groAvth, and 
Avhich give rise in both cases to logistic functions. Neither of these dis- 
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cussions may, on the face of things, appear to be readily applicable to a 
discussion of the causes of the logistic nature of a dose/response curve. 
However, changes correlated with time and uith dosage must themselves 
be correlated in animal tests. 

Let us postulate for the moment that the time/response curve of an 
organ under a constant stimulation, such as that approximately given by 
a constant daily dose of a preparation, is logistic, ha^^ng the equation 

L 

when one unit is given per time interval. Let a given total dose produce 
the same value of y independently of the value of t (i.e. the standard 
interval is inversely proportional to the daily dose of an extract). Then, 
if X units are given per time interval, the growth at time T = tjx will be 
the same as it was in the first case at time t. 


Thus 


L L 


Keeping T constant and var3dng x, the dailj' dose, we have a second 
logistic curve relating dose to effect. 

With these considerations in mind, a constant daih' dose of 2 mg. of the 
international standard preparation of the serum of pregnant mares was 
injected into rats, groups of which were killed after the 2nd, 4th, Gth, &c. 
injection (Table VIII). Tlic time/responsc curve so obtained is fitted bj' 
the logistic ,,20 

y ~ 1 11 ’ 


where t — time of killing, in daj-s, from the first injection (Fig. 0). With 
this curve, the control ovarian weight is taken as 0-0 TUg. instead of 10-G 
mg., giving a value of B ~ 3 0S, as the body-weight of tlic controls was 
less than that usually taken (Table VHI). This follows .since the controls 
were killed at tlic beginning of the test, not at the end of the usual 5-dav 
lieriod. With tiic exception of the lowest total dose given (4 mg.), each 
total dose has elicited a rather higher re.sponsc than the same total dose 
in tiie .7-day assay curve for the standanl jirojiaration. It is ])robahIc that 
the higher n-spouscs obtained iti this .series of tests are due eitiier to tlie use 
of a diffen'ut hateli of nits or to the fact that these particular te-^ts were 
conducted by my.self, instead of. as is usual. Dr. I. W. Mow lands. TheefTert 
of a given total dose is, however, thus seen to be apj'rxiximatelv eonstant 
and to be little de]>endent. vithin the limits g-lo davs. .and J-gu mtr. 
n’s])eetively, on the time during which it is administ<'n-d. It wnuM apjwar, 
thervfotv. that the rv-jumsc to this extntct of the serum <>f j'rt'gnant mart's 
follows the time relationshi]> t'vpre-s.sd Py eejuation (1) within the limits 
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necessary for the investigation of the close/rcsponsc curve. With tin's 
gonadotiophin, the logistic nature of tlic close/rcsponsc curve may be 
assinnccl to lollow clirccti}'- from the logistic time/response curves which 

Table ATII. Data relating to the response of the ovary of the immature female 
lal to a constant daily dose of 2 mg. of the international standard preparation 

of the sernm of pregnant mares 




Xo. 

Averagf? 

Average 

Xo. of mg. 

Injeelion 

Total 

of 

body-weight 

weight 

equivalent to a 

period 

doRO 

n\t s 

nt Uitling 

of ovaries i 

standard interval 

(days) 

('»!?•) 


(rO 

(mR^) 


0 

0 

oo 

■10 

9-0 ■ 


» 

•1 

8 

■11 

2.G 


•I 

8 

8 

.GO 

79 


0 

12 

9 

fit 

188 

2-82 

S 

IG 

9 

.G-t 

21G 


10 

20 

8 

GO 

22-1 



various constant dail^’ amounts should give. It is improbable that very 
low doses would obey this timc/rc.sponso law, and as the ovary is limited 
in its cajiacitj' to respond within a short ])eriod, high doses do not elicit 



Fio. 9. Tho logistic curve fitted to tho data for tho response of 
tho ovary of tho iinnintiiro rat to tlio international standard 
extract of tho serum of pregnant mares (Table VIII) when a 
constant daily doso of 2 mg. was injected. 

a maximal response in 2 or 3 days. Over the time range of 5 daj'^s, liotv- 
ever, no significant departure is apparent. 

Deanesly’s [1935] data dealing with the effect of continued injections of 
a constant daily dose of an extract of horse pituitary glands (AP2B) or 
of human pregnancj'- urine (UPlO) are in general agreement with our 
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findings with the extract of pregnant mares’ serum. After 20 or more 
days of injection of AP2B, however, the ovarian weight decreases, prob- 
ably due to the formation of antihormones in the serum of the test animal. 
When a given total dose of either extract was injected during different 
periods of time, the response did not varj' greatl}^ but was regularl}' lower 
when only 3 days were allowed for ovarian growth than when the test 
period was 5 or 10 days. It may be assumed, therefore, that the response 
of the rat’s ovarj-- to these gonadotrophins also tends to follow a logistic 
time/response curv'e when a constant dail 3 ' dose is administered, but that 
the limits between which the law holds are not wide. 

Rowlands & Parkes [1934] examined the corresponding relationships for 
thjTotrophin. They also found that the influence on the response of the 
period over which a given total dose is injected is slight, when periods of 
2-10 daj's are considered. However, when a constant dail 3 ' dose was 
injected the maximum weight of th 3 Toid glands attainable was found to 
fall as the dail 3 ’' dose was decreased from 5 to 2 mg. of Tl/B. The response 
to a dail 3 ’ dose of 5 mg. given for periods of 2-20 da 3 ’s is fitted well b 3 ' the 
logistic gg 


but that to a dail 3 ’ dose of 2 mg. has an upper limit of 60, and is approxi- 
matol 3 ’ fitted bv the logistic 

. _ CO 

^ 1 . 4.£(-03 33 ’ 


the i)oint of inflexion corresponding with the origin. Here, the lower 
limiting rcspon.se is compensated In- a much smaller standard interval than 
would be expected on the assumption that the standard inten-al is pro- 
portional to the dailv dose. It is .‘^till po.ssihlc, however, that in the earlier 
stngc.s of the rcsjion.^c to 2 mg. per dax- the curve follows a law similar to 
lliat found to fit the data for the gonadotrophins, and that a ‘falling of!’ 
in response begins after a short period. 

Injecting a constant total amount of prolactin (AP.S.\ and APSB) 
P.owlnnds [I'CiT] found that a definite maximum occurs in the response 
vlicn a li-dav test j>criod is chosen. With a longer or a shorter interval, 
the r<'.--ponv(> falls rajiicllv. The time 'response curx-c for a constant dailv 
<i<>'-e of jirol.ictin was not investigated, but it clearly cannot bear a similar 
relation to the dailv do^e ns that postulated in tlie case of extracts of 
pre>:nant mare serum. 

We see. then'fon'. that, however atti-active the id'a that tlie do-r-' 
in-sjion-i- curve is go\cn;e<i b_v logistic lime rt'-jioie'. curve- vith st.arriari! 


iiiteivaK in\i r-' l_v jinip utional to the dailv de-f mav be. 
1- Imiited. It ap]»'.>.r- to be arr ad>-iiuat»- d- i ri:,tio:i of v. ],a 


ati' 
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case of some goiiiulof i’oj)Iiins, l)ut to Ijrcalc down when {liyrotro])liin or 
])rolactin is considered. 

The limiting weigiit of (iic vat ovary nnder fliffcront t^’iics of stimulation 
affords consideral)le scope lor di.scn.'^sion. The action of extracts of preg- 
nancy urine on the hypojihy.scctomized rat shows that it does not contain 
follicle-stimulating substance (ESII) |cf. .Sclyc, Collip Sc Thomson, lf)33; 
Leonard & Smith, lO.'M]. The low maximum which is attainable in the 
ovarian weight of rats injected with such ext racts is a conscfiucnce of this, 
as any follicular stimulat ion which may occur prior to luteinization depends 
on the rat’s own jjituitary gland. With extracts of pituitary origin, con- 
taining various amounts of both FSH and LH (luteinizing liormonc), 
higher ovarian weights may be obtained, but the co-operation of the 
pituitary gland of the test animal again seems nccc.ssary for the jiroduction 
of maximal effects. Noble, Rowlands, Warwick & Williams [1939] have 
reccntlj* com})arcd the effects of different gonadotroidiic extracts in normal 
and hypophyscctomizcd rats, and further references to earlier work may 
be obtained from their ])aj)cr. The}* conclude that the primar 3 ’ action of 
the injected gonadotrophin on the ovary probablj'’ leads to a secondar}’’ 
stimulation of the jiituitary gland, which secretes additional amounts of 
hormone. Whatever may be the mechanism, it is quite clear that no 
gonadotrophic extract 3 ’ct investigated can be confidently regarded as 
producing effects on the ovary, in the type of test under consideration, 
which arc uncomplicated b^'’ the additional action of endogenous gonado- 
trophin. However, the maximum ovarian weight attainable is found to 
depend on the proportion of FSH to LH Avhich is jmesent in the original 
extract, the more FSH incscnt, the higher the ma.ximum ovarian weight 
[cf. Deanesl 3 '’, 1939]. Thus, extracts of the serum of pregnant mares, wliich 
contain very little LH, will produce the highest ovarian weights found in 
gonadotrojihic tests with rats. 

There is a further peculiarit 3 '^ of extracts of i^regnant mares’ serum, in 
that the active princiijles are not as rapidl 3 ’’ eliminated after injection as 
are gonadotrophins from other sources [Cole & Hart, 1930]. A single 
injection of 5 or 7 mg. of PMS14, for instance, i^roduced after a jieriod of 
5 days ovarian weights which equalled those iDroduced b 3 ’' injecting the 
same total amount in five dail 3 '' doses [Rowlands & Williams, 1941]. If 
the animals receiving a single initial injection are killed on the 3rd da 3 ^ 
however, the ovaries have not yet reached the weight seen at the end of 
5 days, showing that active material is still available at that time. This 
occurs in both normal and hypophysectomized animals. The greater part 
of the growth following such an injection occurs, however, during the first 
3 or 4 days, as is also seen by comparing the results shown in Table VII 
with those at the top of Table II, the time during which a given total 
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amount is injected having little effect on the response. This property of 
mare serum extracts, therefore, has little effect on the consideration of 
dose/response curves except that relatively high doses cannot be expected 
to take full effect in a very short period of time. 

The small difference found between the maximum crop-gland weights 
produced bj’- different preparations of prolactin do not seem to be related 
to anj’^ other differences between the extracts concerned. Most of these 
were prepared bj*^ s imil ar methods from ox pitmtar3’ glands, and further- 
more, pluraht}’' of t3'pes of prolactin has not been claimed. 

Extrapolation of the logistic dose/response curves we have dealt with is 
not without meaning. It presents no difficulties for positive values of x, 
the dose. Dr. I. W. Rowlands (personal communication) has been unable 
to demonstrate an}*- further increase in the response of rat ovaries to an 
extract of urine of pregnanc}*^ when given in 30 times the dose sufficient 
to cause a maximal response. As was indicated on p. 205 , the curve maj- 
still mean something when negative dosages are considered, as it ma3* be 
taken to represent the growth of the ovar3’ under a lower level of stimula- 
tion than is norniallv provided b3' the rat’s own pituitar3- gland. Natur- 
all3', there is a limit to extrapolation in a direction of negative dosage, but 
the curve has the virtue of never showing a negative ovarian weight, but 
rapidh' approaches zero as gonadotrophin is imagined to be withdrawn 
from the circulation. In the h3'poph3’sectomized rat, the ovar3' regresses 
to a weight of about 5 mg., but a lower ovarian weight would doubtless 
be seen in animals deprived of their pituitar3' gland at birth or at an 
earlier stage than that at which the operation is normalh' performed, and 
in which the complication of regression from a higher to a lower weight, 
witli a certain amount of indestructible tissue involved, would not occur. 
Cliou & Liu’s [ 1937 -S] data were fitted b3' logistics which were approxi- 
matel3- asvmjitotic to the control ovarian weight, but I have been unable 
to supjiort this finding. 

Coxvi'.nsiox or a Looistic to a Lixeak Frxcxiox 

When dealing with quantal (‘all or none’) responses a function com- 
monlv used is the ‘normal equivalent deviation’ [cf. Gaddum, 193 . 3 ], It 
is the value of the deviation from the mean of a normal curve which is 
eipiivalent to anv given ]>crcentage. and is measured with the standanl 
deviation ns unitv. P.v the use of this quantitv, a linear regression function 
can often be obtained. 

lly analogy witli the nonnal equivalent deviation, we mav us.' the 
‘equivalent .standard intera-al’ wb.en dealing with logistic curve'. Thi' 
quantitv, mcas\in,'d with the standanl interval a' unitv. i' cauiva!''nt to 
A'(, of the fon'goiug di-cinsion'. Tiie v.alue of A*r. hov.cver. i- onlv hr.r.-.Mi 


Q 



000 


C. W. EMiMENS 

wlicn t iic clatn iiavc already l)ccMi filled by a logistic curve, lienee it is best 
to renanie the quantity, which we shall call }'. Y is therefore such that 


or 


}' 


-Hv(— ■ 

Wv 


1 


and its values nia}’ he read oflTroin Yule’s [in2r)j tables of the ordinates 
of the logistic, equating Y to r in those tables. When is 0-u, 7=0; 
for values of i/j, above O-a, }' is positive; for values of below 0-5, it is 
negative. 

If }’ is now plotted against the do.se, the data fall on a straight line if 
thc_y are fitted by a logistic function, c.vpcrirncntal error e.xceptod. This 
has been done for the data in Table II and Eig. 2, and Fig. 10 shows the 
result. Points falling on or above the limit, L, cannot be included in such 
a figure, but their contribution to the determination of the dose/response 
line is supposed to have been made in finding a value for L. In Fig. 10 
both axes have the .saine scale, measured in standard intervals, since the 
number of mg. of each preparation equivalent to a standard interval was 
alread}’^ known. 

Y is to bo used vdien fitting a line to exj)orimontally determined points, 
as can bo done vdion the data resemble those under discussion, Avhere L is 
known, and it maj’^ be plotted graphicall_y against the dose, or the line may 
be fitted bj’’ the method of least squares. The weight factors to be included 
in the calculations would depend on the values taken by cry. 


Since 


1.^7’= 1- 

VpdY 

dY 


Vjv 

1 


But 


dy-p ypi^-Vp)' 

dY 


CTt 


O' 


Hr 


dj/p 


Jin. 


Vpi 1 Vp ) 

Avhere is determined expei'imentally, and equals a^JL. The weight 
factor, w', corresj)onding with a given average response, y', Avoidd then be 
given by 


f y’(B-y’) P 
1 Lay. I 




where n' = the number of animals in the group. 
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If 7 is plotted against x and the points fitted by 

8 — X, , 

-n = = a— ox 

a 

by the method of least squares, and a wrong value of L has been used, then 
the scatter of points about the line will be greater than if the right value 
of L had been used. The error of the determination of L will thus be taken 
into account automatically in calculating the error of a and b. 



Fio. 10. Tho logistic curve of Fig. 2 expressed os a Btraiglit 
lino, by ndjuslmcnt of the ordinates (fco text). 


If the variance of 7 is independent of x, within the limits of random 
sampling, a test for linearity of regression vill be a test of goodness of fit. 
Otherwise, when weights have been taken inversely proportional to the 
variances of 1', wc may calculate 


•• 

X* = 


h-2 


where 1' is the mean value of Y, and f: is the number of doses and enter 
llie table of y" with l: — 2 degrees of freedom. This method seems the best 
way of fitting, when the function is to he used for assay purposes, ai\d the 
error of a is itnjiorlant, 

A further method of fitting a logistic eun'c to the data is therefore 
availahle. hy which the plotting of a rurve is avoided when tho result'; are 
e\pix’'-''(‘d grajihically. I he method has also the great a'lvantaco that tin* 
errors involved ar\' calculable, aiid that a technique of as av inav Ik- breed 
nj'on it. 
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SUMMAKY 

1. An cxn7ninntion of ilic rcs])onf!C of the ovfiiy of tlic immature rat to 
various gonadotrojiliins, of tljc tJiyroicl gland of the guinea-pig to tlijTO- 
tropliin, and of the crop-gland of the i)igcon to prolactin, lias shomi that, 
ns might be exj)ccted, the statistically convenient log-dose/responso rela- 
tionship is tenable only over a limited range. This range is sometimes 
smaller tlian is dcsii-able in pract ice. 

2. The results are, instead, fitted ver^' well by logistic curves. The 
general logistic curve is such that 

_ L 

Avhere y is the response, x the dose, L the limiting value of y and a and ^ 
are constants. The curve is so fitted that the y-axis cuts the curve at a point 
G, which is equal to the weight of the glniids of unstimulated controls. 
For a given value of L, this procedure fixes the value of /8/a. 

3. Extracts fitted b}' curves with the same value of G and L mn}'^ be 

grouped on to a single curve. The number of mg. of each extract equiva- 
lent to one unit of a, the standard interval, is then inversel}’ proportional 
to the potency of the extract. By taking a ns unity, the equation to the 
logistic curve becomes : jr 

where B ~ /S/a and X — x/a, the dose being measured in standard intervals. 

4. Further proiierties of the logistic curve and methods of fitting it to 
data are discussed. TJie curve may be converted to a straight line b}'^ the 
use of the ‘equivalent standard interval’, analogous Avith the normal 
equivalent dcAdation used in dealing AA'ith quantal responses. TJie error of 
an estimate of relative potency'" maj'^ also be determined AA'hen the latter 
method of fitting is used, 

5. The logistic nature of the dose/resj^onse curves may be explained in 
some cases bj'^ the groAvth of the test-object under constant stimulation 
being itself logistic — i.e. exhibiting a logistic time/response relationship. 
This appears to be true for some gonadotrophic extracts, notablj'- those of 
the serum of pregnant mares, but does not hold throughout. 

6. It is suggested that the logistic function ma}'^ be of apphca'tion in 
other quantitatiAm assays, manj'- of AAdiich appear to possess dose/response 
relationships Avhich give curves closer to a logistic than to a logarithmic 
type. Its usefulness for assajdng aaoU depend on the statistical method 
Avhich may be eAmlved for use Avith the curve, but as a description of the 
dose/response relationship, it is clearly superior to the form y = a.-l-i>log.r. 

The great majority of the tests discussed in this paper Avere carried out 
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by Dr. I. W. Rowlands. Some of his results have already been published 
in the various works to which reference has been made, but a large number 
have not previously appeared in print. I am, therefore, deeply indebted 
to Dr. Rowlands for permission to make such extensive use of them. I am 
also very grateful to Prof. M. Greenwood, F.R.S., and Dr. J. 0.' Irwin for 
their criticism and helpful suggestions. 
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FURTHER EXPERIMENTS ON THE CONTINUED 
TREATMENT OF LACTATING COWS WITH 
ANTERIOR PITUITARY EXTRACTS 
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{Received 5 July 1910) 

Earmru cxi)orinient.s ]mvc shown tlmt wlicn repeated injections of a 
prolactin preparation arc given to cows in declining lactation, a sub- 
stantial stimulation of milk production occurs, though later this stimulus 
declines and finall3’’ vanishes, despite continued treatment [Folle}' & 
Young, 1939]. Fiu-tlicr experiments liavc now been carried out to deter- 
mine if the initial response would disapj)car with continued treatment with 
other pituitaiy prcimrations, and if the development of such resistance to 
the action of the extract was associated with the appearance, in the blood 
of the treated cows, of anti-prolactin [Young, 1938 c; Bischoff & Lyons, 
1939] activit3^ 

Folley & Young [1938] found that the stimulating influence on milk 
production of cows in declining lactation of a single injection of various 
anterior pituitary fractions was more closel}'^ correlated with their gtyco- 
tropic (anti-insulin) activities than with their prolactin^ content. It there- 
fore seemed desirable to investigate the influence on milk production of 
continued injections of a pituitary preparation [Young, 1938 6] having 
glycotropic activity but no detectable prolactin content. 

Methods 

Preparation of extracts 

Three types of anterior pituitary extract were used in this investigation. 
All were prepared from absolutely fresh ox glands brought from the 
slaughter-house in solid carbon dioxide snow [cf. Y'oung, 1938 a]. pH 
determinations were made colorimetricallj'- as before described. 

Crude alkaline extract was prepared as previously'’ described [Young, 
1938 a] by grinding the dissected frozen anterior lobes Avith saline at 
pH 8-8-5 in the cold room. The crude extract, obtained by spinning off the 
residue, was further clarified by high-speed Sharpies centrifugalization, 

^ In this paper the term prolactin will bo used to denote the anterior pituitary substance 
which induces hypertrophy of the pigeon crop-gland, without reference to the question of 
whether or not such a substance is, per sc, lactogenic in mammals. 
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such treatment removing suspended matter responsible for the unpleasant 
local reactions previously observed when single injections of a crude 
anterior pituitary extract were given to cows. In the present investiga- 
tions no local reactions of any kind were observed to follow prolonged 
treatment with the pituitary extracts we have used. 

A solution of inert protein material, for control injections, was prepared 
from caK thymus gland in a manner similar to that for the crude alkaline 
extract of anterior pituitary tissue. The cows treated with this extract 
developed moderate sized lumps at the site of injection half-way through 
the experiment, but these had entirely disappeared two days later. 

The final concentration of both the crude pituitary extract and the 
thymus extract was such that 4 ml. contained the material extracted from 
1 g. of fresh tissue. 

The prolactin preparation consisted of the fraction of the crude alkaline 
extract soluble at pH 8 but insoluble at pH 5 [Young, 1938 a]. This was 
dried by precipitation with excess alcohol at pH 5, the solid material 
obtained representing 1*4 g. per 100 g. of fresh anterior lobe tissue. 

A glycoiropic preparation was prepared by heating crude alkaline 
extract at pH 10 on a boiling water bath for one hour [cf. Young, 1938 6] ; 
after cooling, the solution was adjusted to pH 8 and the insoluble material 
spun off. 4 ml. of this solution were taken to be equivalent to 1 g. of fresh 
ox anterior lobe tissue. 

Biological assays 

The biological activities of the extracts used are summarized in Table I. 

Prolactin was assaj'cd by the s 3 ’stcmic method of Rowlands [1937]. 
The results are expressed approximate!}^ in terms of International Units.^ 


Table I. Biological activities oj the extracts used 
Anlorior 

pituitarj" rrolnctin Thyrotropic Glycotropic 

cxtrncl Bctivity nctivity ficti\-ity 

(Approx. l.U.) (.\ppTox. I.U.) (units) 

Cni-lc nlknlinc proptira- 18-4'inl. 2-R/ml. l-.S/ml. 

lion 

niycotropic prnjmnition vorj' FinnU* vrrj' kihaII 0’5/ml. 

Trolnriin pn*pArntion Trl/mp. „ „ 20 /p. 

• No rr^j>on<o vhm 2 ml. ilaily for fix ilr\\\s into enrh pjp^n. 


Thyrotropic, activity was dctcmiined on immature guinea-pigs bv the 
method of Rowlands iJc Rarkes [1934], The re.'-'ults are expressed approxi- 
mately in terms of International Units.- 

(dycotropic nctivity uas determined ly the inctlirxl of Yount: (lO.’iRu], 
I hi-: t'ou'.i'.t'; in determining the minimum amount of extract . r.dmini>-tor\-d 


t f. UtiUf ! in <'f t ti- ii tlr.ci-.i-'it I -n rT li.-- crNAti"-:.* (1 7, 8)7. 
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in two (loses, required to nculralizc the ]ivj)ogl3’caoinie action of 2 units of 
insulin in the fasting rabbit. 

J'h-pryi mental an i nmlti 

The cows were of the AA’rshirc and Brit ish b’riesian breeds belonging to 
the Agricultural Kcsearch Council Field Station, Compton, Berks. Tour 
groups of four animals Averc u.scd, each consisting of Ibrce A^yrshires and 
one British Friesian. Each group was so constituted that, ns far as 
possible, its members were comjiarablc ns regards Tiiillc yield, etc., Avith 
those in the other three groups. Data relating to the experimental 
animals arc giAmn in Table II. 

Table ir. Data rclatintj to the cotes used 

Days pregannt 





Bxtract 

Date of last 

at time of 

Cow 110 . 

Brood 

Croup injootoil 

calving 

first injection 

1 

Briti.Mli FrioHinii 

A' 


1.5/12/.39 

21 

o 

.T 

Ayrshiro 

A 

A 

■ Thyniiis 

22/10/39 

28/10/39 

20 

4 


A: 


1/10/.39 

— 

5 

Ayrshire 

13 ■ 


25/10/39 

— 

0 

«« 

B 

Cdycot ropic 

22/9/39 

4 

7 

Britisli Friosinu 

B 

preparation 

10/10/39 

— 

8 

Ayrshiro 

Bl 


11/9/39 

121 

9 

British Friesian 

Cj 

Crudo 
> alkaline 

12/9/39 

92 

10 

Ayrshiro 

c 

23/9/39 

__ 

11 


c 

o.xt rnct 

2/10/39 

121 

12 


c 

7/8/39 

112 

1,3 

Ayrshiro 

D' 


19/10/39 

111 

14 

British Friosinu 

Di 

■ Prolactin 

8/10/39 

54 

15 

Ayrshiro 


21/10/39 

89 

IG 


DJ 


7/10/39 

— 


Injection of extracts 

The injections of extract Ayere giAmn subcutaneouslj’' on alternate daj's 
during the afternoon milking period, each coav receiving altogether eleven 
injections spread over 22 daj'^s. 

Group A, the control group, recehmd inert protein in tlie form of 
10 ml. of thymus extract for each coav on every second day. The coavs in 
group C received similar injections of 10 ml. of the crude alkaline pituitary 
extract, equivalent to 2-5 g. of fresh tissue, Avhile those in group D AA’^ere 
given injections of 250 mg. of tlje prolactin preparation, in 10 ml. of 
solution. The animals in group B received seven injections eacli of 10 ml. 
of the glycotropic preparation, foUoAved by four of 20 ml. 

The period of injections Avas preceded by a control period of 12 daj^s, 
during the greater part of Avhich the milk yields of all the coavs Avere 
recorded. 
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Analysis of milk 

Eor analysis, Tnilk samples were taken three times weekly at the morning 
and evening milking throughout the control and experimental periods, 
and for each, group, samples of the morning and evening yields were 
combined in the ratio of the total yields, to give a composite group sample. 
Percentages of fat and of non-fatty solids were determined, as previously 
described [Folley & Young, 1938]. 

Restjlts 
Milk yield 

Average values, for three-day periods, of the aggregate milk yields for 
each group are plotted in Fig. 1. In each instance the best straight line 
for the pre-injection data was determined by the method of least squares, 
and projected so as to cover both the injection period and subsequently 
(Fig. 1). This represented the milk jdeld expected if treatment with 
extract had not been instituted [cf. Folley & Young, 1938]. 

From Fig. 1 it wiU be seen that the milk 3 de]d of the cows receiving the 
crude pituitary extract rose during the first half of the period of injections, 
and then slowly declined at about the rate obtaining during the pre- 
injection period, despite the continued treatment. The cessation of treat- 
ment after a period of 22 days did not appear to affect the rate at which 
the milk jdcld subsequently declined. The maximum aggregate milk 
j'ield during the injection period was 87 Ib./daj' or 24% above that ex- 
pected if treatment had not been instituted. The average amount of milk 
secreted dailj' in excess of that expected, during the period of injections, 
was 1 l-f> lb. or lG-7% above the expected total dailj' jdeld for the four cows. 

Treatment with the prolactin preparation also resulted in an initial 
stimulus to milk production (Fig. 1) but, despite maintenance of treat- 
ment, the yield slowly- fell to that expected in the ahscnce of injections, 
reaching this value by the fifteenth daA- of treatment. The average c.xccss 
daily milk yield during tlic injection period was 3-8 lb., or 5-2% above 
that expected. 

'J'iic injections of the glycotropic preparation appeared, on the whole, 
to exert no obvious influence on milk production (Fig. 1), and, although 
there may have been a very slight initial stimulu.s, this wa.s not maintained, 
oven tiiougii the amount of extract injected was doubled on the twelftli 
day of tn'atment. The average daily milk yield during the period of 
injections was similar to that to be exi>octod without treatment. 

Cpnf!{(ufr,(s of iJ,r friill: 

In no instance did tlie injections induce any significant alteration in tin* 
prx>i>ortion of fatty or non-fatty .<^olid.s in the mil): ffable III). Tin'= 



o 

o 

o 

o 



0 5 10 15 20 25 30 35 40 


DAYS 

Fia. 1. Tho influonco on milk production in groups of four Inctnting cows of treatment 

with anterior pituitary extracts. 

Injections of extract wore given every second day from tho ICth to 3Cth day (inclusive) of 

tho experiment. 

f Signifies tho last observation before injections began, 
i Signifies tho last observation before injections ceased. 

(A) • • Treatment with 2C0 mg. (= 127S I.U.) of prolactin. 

O O Control treatment with thymus extract. 

(B) -I [- Treatment with 10 cc. of crude extract containing 184 I.U. of prolactin. 

O O Control curve. 

(C) □ □ Treatment with a glycotropic preparation. 

X 2 Signifies that tho amount of extract injected was doubled from that point 
onwards. . , 
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result is in contrast to that previously obtained [FoUey & Young, 1939] 
in experiments in which repeated injections of a prolactin' preparation 
resulted in a substantial increase in milk fat content. 


Table III. 

Data relating to solids content of milk 



Average % of fat in milk 

Average % of non-fatty solids in milk 


' 

During 

During 



During 

During 



During 

first half 

second 


During 

first half 

second 



pre- 

of 

half of 

After 

pre- 

of 

hall of 

After 


injection 

injection 

injection 

injection 

injection 

injection 

injection injection 

Extract injected 

period 

period 

period 

period 

period 

period 

period 

period 

Thymus 

3-62 

3-71 

3-71 

3-52 

8-30 

8-24 

8-Ot 

800 

Crude anterior pituitary 

3-79 

3-84 

3-79 

3-Gl 

8-22 

8-27 

8-45 

8-33 

preparation 

Prolactin 

3-57 

3-59 

3-60 

3-35 

8-09 

7-99 

8-01 

8-07 

Glycotropic preparation 

3-88 

3-85 

3-97 

3G7 

8-39 

8-43 

8-39 

8-33 


Tests for anti-prolactin activity in the blood 
As the subsidence of the stimulating influence, on milk production, of 
treatment ■with the prolactin preparation (Pig. 1) might be due to the 
appearance of anti-prolactin activity in the blood of the treated cows, 
20 ml. of blood were drawn from the jugular vein of each animal two days 
after the last injection of pituitary extract. Blood was thus obtained not 
only from the cows which had received treatment with the prolactin 
preparation but also from those which had been treated wth the crude 
pituitary extract or with the thymus extract, and from those receiving the 
glycotropic preparation. 

For each group a pooled sample was constituted from equal volumes of 
scrum from each of the four cows, and tested for anti-prolactin activity’ b^' 
the method of Young [1938 c]. Groups of six pigeons were used in these 
tests and the inhibitory cfTcct of injecting 1 ml. of serum daily on the 
crop-stimulating action of a preparation of prolactin obtained by the 
method of Bates & Riddle [1935] was determined. The group of pigeons 
receiving serum from the cows which had been treated with the thymus 
extract serv-ed ns controls. The results, which arc given in Table IV, 
provide no evidence of the presence of anti-prolactin activity in the scnim 
from any of the groups of cows treated with pituitary extract. TJiev 
suggest, in fact, that some unmasked prolactin was present in the serum. 

Summary of results relating to the injlurnce on milk-yirld of a sinnle injection 

of pituitnrtf rjrtrac-f 

Tlio evidence, on the basis of which it was assumed that prolactin was 
not the only ]iituitary substance concerned in the slimtilatinn of milk 
I'nvluction by the Inctating cow [Follcy A Young. 19.3'<]. was drawji from 
exjH'rinu'nts in which the efTect of a single inicctifn\ of jiitnit.an,- cxtr.ac*. 
was studied. .-\s in the jirvsent atid in .a pmvioii'; inve.-t igation (Foney A 
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Young, 1039] injections of extracts -were given at intervals of two days, 
it was possible to cletcrniino the effect of the first injection alone on the 

Table IV. Test for jncscncc of anli -prolactin in blood sera of cows 


Group of cows 
from ulilcli 
pooled serum 
was prepared 

Kxlract 

Injeeled 

Into cons 

Xo. of pigeons 
la group usc<l 
for tost 

Total dme 
of prolactin 
given 

(Approx. I.U.) 

Total amount of 
serum Injected 

In six dally 
portions Into 
each pigeon 
(ml.) 

Jfcan crop- 
wclglit ns % 
Ixxly-wciglit 

A 

Tliyinim 

n 

i:i-r. 

n 

l-oo 

B 

Olycotropio 

« 

1.1-r. 

0 

1-33 

C 

jjrt'pnral ion 
Cnulo 0 x 1 met 

(1 

n-.s 

0 

P22 

D 

Prolactin 

0 

l.S-f) 

G 

1-28 

— 

— 

•10 

13-r, 

0 

MO 


average milk production during the following two days. Table V sum- 
marizes all the results thus far obtained in the present and two previous 
investigations [Folley & Young, 193S, 1030] on the influence of a single 


Table V. Suvimanj of the results of exjwriments on the influence of a single 
injection of gdtuitary extract on milk yield 



IJxtract 


No. of 
cows in 
group 

Average daily 
yield over two 
days before 
injection 

Average % in- 
crc.ase in milk- 
yield over two 
days after in- 
jection 


Typo 

Amount injected 

Prolactin 

content 

Refer- 

ence* 

Cmclo alkaline 

2-5 g.'cquivaicnt 

(I.U. 

Approx, values) 
181 

4 

(Ib./cow) 

18-1 

9-4 

(e) 

extract 

GO ■ 

300 

0 

259 

9-8 

(fl) 


100 

GOO 

r> 

230 

IPS 

(fl) 

Prolactin from 

100 

330 

3 

lC-7 

S-5 

(fl) 

fresh tissue 

100 „ 

.3,30 

•1 

3'’-2 

IPl 

m 


250 mg. 

1275 

4 

18-7 

9-7 

(e) 

Prolactin from 

200 mg. 

800 

3 

23-3 

0-3 

(o) 

commercial dried 

750 mg. 

2500 

2 

23-2 

3-8t 

(a) 

gland 

Thyrotropic pre- 

10 g.-cquivaicnt 

Very small 

3 

19-3 

8-5 

(a) 

paration 

10 

»» »» 

3 

22-7 

0-7 

(«) 

10 

»» »? 

3 

22*2 

4-1 

(a) 


(-f posterior lobe 
extract) 

10 g.-equivalcnt 


4 

28-7 

5-9 

((') 

Thyrotropic pre- 

250 mg. 

>1 It 

3 

20-1 

00 

(a) 

preparation from 

500 mg. 

II II 

3 

20-7 

1-8 

(a) 

commercial dried 
gland 

Glycotropic pre- 

2'5-5’0 g.-equivalent Very small 

4 

20-0 

OG 

(a) 

paration 

Control , . 

i. Liver 

5 g.-oquivalcnt 

0 

G 

26'0 

0-3 

(a) 

10 

0 

C 

21-C 

-2-7 

(a) 


10 

0 

4 

28-1 

01 

d) 

ii. Thymus 

2-5 

0 

4 

17-4 

2-7 

(a) 


* References (a) = Folley & Young [1938]; (J) = Folley & Young [1939]; (c) = Present investigation, 
t Prolactin given on second day also. 
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injection of pituitary extract on milk production in the lactating cow 
during the two days following the injection, and illustrates the lack of 
relationship between the prolactin content of the different pituitary pre- 
parations and their influence on milk production in these experiments. 
Furthermore, no precise correlation is found to exist between glycotropic 
activity and influence on mUk production, and it seems rmlikely that there 
is a single speciflc substance concerned. 

Disctrssiox 

The results of the present investigation have conflrmed the impossibility 
of maintaining the initial stimulus to milk production when cows in 
declining lactation receive regular injections of prolactin over a period of 
two or three weeks. The influence of injections of a crude alkaline extract 
was also not maintained, although, in this experiment, the milk production 
did not fall during the period of injections to the value expected if treat- 
ment with extract had not been instituted, as was the case with the pro- 
lactin preparation (Fig. 1). In neither group of cows was evidence found 
for the development of anti-prolactin activitj' in the blood, so that the 
diminution in response cannot be ascribed to the development of large 
amounts of substance inhibiting the action of prolactin (antihormone). 
The possibility that the stimulus subsides because the supply of suitable 
metabolites for conversion to milk becomes diminished cannot be ruled 
out, although the constancy of the mean contents of fatty and non-fatty 
solids in the milk before and during the period of injections (Table III) 
lends no support to this view. 

In the present investigation the dose of prolactin injected daily was 
obtained from about 30 g. of fresh anterior lobe, whereas the dose of pro- 
lactin previouslj' used [Follcy & Young, 1039] was equivalent to only 
10 g. of frc.sh tissue. Tlic prolactin used in the present investigation had 
been dried and stored for some time, a proce.ss which results in lo.=;s of 
glycotropic activity, whereas the previous ‘prolactin-C’ was .stored in 
solution and used within a few days of preparation. It Is not clear why 
the milk-fat content in the present experiments remained constant when 
the cows were treated with crude extract or with prolactin, whereas a 
substantial increase was previously found to follow prolonged injections 
of a somewhat different jirejiaration of prolactin; the higher glvcotropje 
activity of the dose of extract used in the previous exj>erimonts may he 
re.sj) 0 !isih]e. 

■As in our previous work on the effect on milk production in cows of a 
single injection of pituitary extract (Follcy ik Younc. 193‘^] wc have ayain. 
in the pnvent inve-tigatioir on the intluenre of pnilonyed tnrattnent. found 
a poor eorrt'lation between the prolactin content of our pituit-arv extra'-!*; 
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nnd tlicir ability to stimulate milk production in a cow in declining lacta- 
tion. Tlius tho data in Table I show that the dailj'^ dose of prolactin was 
nearly seven times ns active in stimulating the pigeon crop-gland as was 
tho daily dose of crude extract, .yet the latter was over three times as 
active in stimulating milk production. We have previously discussed the 
question of the identity of the ‘lactogenic hormone’ of the anterior 
pituitary lobe and concluded that there is no reason to believe in the 
e.xistcnco of a single pituitary hormone stimulating lactation [Folley & 
Young, 1938]. In a recent paper Bergman, Meites & Turner [1940] 
suggest that the term ‘lactogenic’ should bo applied onl^"^ to an anterior 
lobe hormone which i7u(ialcs lactation, and state their belief that the 
pigeon-crop stimulating factor (prolactin, galactin, maramotropin) is 
identical with the lactogenic factor. Evans [1939] has also come to a 
similar conclusion. It is, however, alread}’^ admitted that purified pro- 
lactin is incapable of initiating lactation in h 3 'poph 3 'sectomized animals 
[Nelson & Gaunt, 193G; Gomez &, Turner, 193G] unless adrcnotropic 
hormone, and sometimes glucose, is administered as w'ell [Gomez & 
Turner, 1937 ; Nelson & Gaunt, 1937]. On the basis of e.xperiments with 
hypophysectomized animals, therefore, it is legitimate to argue either that 
prolactin is not a specific lactogenic hormone or alternatively that pro- 
lactin and adrenotropin have similar claims to tho title, since either may 
initiate lactation in h 3 ’^poi)h 3 'sectomized animals in the presence of the 
other. Bergman ei al. [1940] consider that the term ‘lactogenic’ should 
not be applied to a pituitary substance -which merel 3 ’^ increases the milk 
yield of an animal already lactating. If it is desirable to draw such a 
distinction, then we suggest that the term ‘galactopoietic ’ be applied to an 
anterior pituitary substance which increases the yield of an animal 
already producing milk. The results summarized in Table V show that 
preparations of prolactin which are low in glycotropic activit 3 '^ are also 
low in galactopoietic power, although, if crop-stimulating activit 3 '^ is a true 
index of lactogenic ability, such extracts should be highly eifective in 
initiating lactation in hypophysectomized animals despite their low 
activity in stimulating an already existing lactation. 

There appears to us no reason why a woman whose millc supply is 
deficient and who is about to receive treatment with a pituitary prepara- 
tion, should be considered more closely analogous to the hypophysecto- 
mized guinea-pig or the intact pigeon, than to the cow in declining 
lactation. It therefore seems to us that an investigation of the galacto- 
poietic activities of pituitary preparations is at least as important, from the 
clinical aspect, as the determination of their lactogenic power, using the 
terms lactogenic and galactopoietic in the sense defined in the present paper. 

Prolactin preparations low in glycotropic activity are also low in galacto- 
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poietic power [Folley & Young, 1938], wMle in certain instances prolactin 
is incapable of initiating lactation in hypopb 3 ’sectomized animals unless 
adrenotropin is also administered [Gomez & Turner, 1937 ; Nelson & Gaunt, 
1937]. Now Jensen & Grattan [1940] claim that the gtycotropic substance 
and adrenotropin are identical. Without offering any opinion as to the 
validity or othemise of this claim we would point out that if its truth were 
established the failure of purified preparations of prolactin to exhibit 
either lactogenic or galactopoietic activities in certain circumstances might 
be correlated. 

We must emphasize that although previously we observed a relationship 
between the glycotropic and galactopoietic activities of anterior pituitary 
preparations [Folley & Young, 1938] such a simple correlation is not 
borne out by the present findings, in that the glycotropic preparation with 
little or no prolactin content had no obvious galactopoietic effect (Fig. 1). 
It is therefore possible that the presence of both prolactin and the gl^'co- 
tropic substance are necessary for a preparation to possess galactopoietic 
activity, as, indeed, both adrenotropin and prolactin are required for the 
initiation of lactation in the hj’pophj'sectomized guinea-pig. If this is 
so, the assumption of Jensen & Grattan referred to above would clearly* 
assist in drawing a closer analogj' beUveen the requirements, for the 
stimulation of milk production, of the hj’pophysectomized guinea-pig and 
of tlie lactating cow. 


SUSJMARY 

Repeated injections, spread over 22 daj’s, of a crude anterior pituitar\' 
extract into cows in declining lactation, increased the average dail^- milk 
production during the period of injections to an average level 10% above 
tliat cxjiectod in the absence of treatment. Similar injections of a pre- 
])aration of prolactin, with pigeon crop-gland stimulating activity about 

seven times that of the crude extract, increased the average milk vield to 

1 ^ • 
only 5% above that expected. In both instances the stimulus to milk 

production declined in magnitude lowanis tlic end of the period, but no 

evidence was found for the presence of anti-j)rolactin activitv’ in tlie senim 

of the cows at this time. 

Similar tmatment with a jhtuitary ]>rc)>aration having glvcotroj'ic 
activity hut no detectable ])rolactin had no obvious influence on the milk 
liroduction of cows in »ieclinina lactation. 

In no in-tanco wa*; the content of fat or of nf)n-fatty soptU ju {Ij,, inill; 
aficeted by the ttvatmeni with jiitiiit.ary extmi {. 

1 he ■•-igniticatuv of thc-<- n.-^ult-. with r>‘'[><-cT to a W'lief in the cxi'U v.f*- 
of a siintlc mil!;-stimulatiim honnom- ^c--rvted by tie' antcri'',r j'itnit.-ir'.' 
v'laml i< di^cii-'C(h 
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The object of the experiments described was to determine whether the 
decalcification occurring in the human skeleton in thyrotoxicosis can be 
attributed to thjTOxine or to some other factor. 

A probable relationship between the thjToid gland and calcium and 
phospliorus metabolism has been suggested by many workers who have 
based their evidence on clinical grounds, the radiological study of bones, 
biochemical anal 3 'ses on blood-serum, calcium and phosphorus balance 
experiments, and finallj' the post-mortem appearance of the skeleton. 


Evidence of Decalcification in Thyrotoxicosis 
Clinical evidence 

Von Jaksch & Rotky jlfi08-9] reported softening and bending of the 
bones in a girl of 20 suffering from hj'perthj-roidism, and Bernhardt [1927] 
observed a similar case. These authors suggested that the osteomalacia 
resulted from a decalcification of the .skeleton, and this was attrilmlod to 
thj'rotoxicosis. 


X-ray appearance of hones 

Kunnner [1917] ajipcars to be among the first observers to draw atten- 
tion to the occurrence of osteoporosis in tluTotoxicosis. In the course of 
a iiajicr on the high catci\im excretion in this disease, he wrote: ‘Cette 
demineralisation calcaire ]):irait porter surtout snr Ic .sv.stemc osseux, a en 
jtigcr d’aitrcs Ics radiograidiics des basedowiens.’ Plummer Dunlaj) 
[192S] ami .Aub, Bauer. Heath A Rojtcs [1929] confirmed that in oxoj)h- 
thalmic goitu' of longer duration the continued calcium loss was ajtparent 
in X ray pictures of the bones. Golden A Abbott [19:!:!] in a radiogmjihic 
study of 1 in ca^cs of tiiyrotoxicosis fonmi were normal. 1 P',, showed 
sliglit decalcification and 11";, showed definite dccalcific.atiot). In .'>1 rav<'s 
of hypothyroidi-^m sitnilarly studied they fiuind 79";, \\ere normrd. Is",, 
showed slight dccalcill.ation and ti"; definite dccalcitieation, Thev ci,n- 
cludcd tliat whereas an abnormal elimination of calcium mirdit t.ihe 


]>lacc in h\ perthyn'idisui. it w.as doubtful w iietlicr th'‘ thvroid liad anv- 
thiiuT to do w ith the density of the bones, .'■^tett ncr [ 1 99 1 j Ino ren 'rt«- 1 an 


interesting e.oe of derail itie/ition of {b.e b-.ne- ,,f n eliiM r'-ojltinr’ Aorn 


r. 
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the conliniicd ndministmtion of thyroid, and after the thyroid had been 
diseoiitinued the bones became denser. 

Scrum calcium studies 

Among others, Lcichor [192.7], Rabinowitch [1024], JlcCuIlagh [1928], 
Wade [1929] and Anb cl al. [1929] liavc made studies on tlio serum cal- 
cium and pliosphorus in various disorders of tlie thyroid. There appears 
to he no minninnty among thc.se various workers. Tims Aub and ]jis 
colleagues, and !McGullagh liavc reported that no changes occurred in the 
scrum calcium and phosphorus in liypothjToidism or thjToto.xicosis. 
Blost observ'ens inclined to the view that the scrum calcium was low in 
thyroto.vicosis althougli Aub and his collaborators [1929] have stated, 
‘the scrum calcium and phosphonis values remained within the accepted 
normal limits, though a few cases suggested a slight fall’. Why the serum 
calcium should be low cannot rcadilj’’ be explained, occurring, as it does, 
during an excessive calcium mobilization and excretion. The serum 
calcium concentration is obviousl}' the resultant of calcium added to the 
blood and calcium excretion. If these forces are equal, the serum calcium 
will remain constant, while if the excretion exceeds the calcium addition, 
then the concentration will fall. Following subtotal thyroidectomy Wade 
found that the scrum calcium rose from an average of S-3 to 10-S mg. per 
100 ml., but these findings differed from those of previous workers. It is 
known, of course, that if the parathjToids are removed along with the 
thjToid gland, totanj^ will develop and this will be accompanied by a 
sharp fall in the serum calcium. But a less marked fall in the serum cal- 
cium after thyroidectora}'^ was detected in the absence of tetany, and this 
lias led observers to postulate as a cause the occurrence of trauma to the 
parathjToid glands by manipulation during the operation or disturbance 
in the blood-supply from oedema. 

Calchim balance experiments 

The work of Voit [1880] estabh'shed the fact that there could be a 
marked loss of calcium from the gut tlirough endogenous metabolism. He 
fed animals on a very low calcium diet and found that the calcium excreted 
in the faeces was greater than the calcium intake. Rej’- [1895] extended 
these observations. He washed clean the gut of animals and then gave 
calcium subcutaneously and found that about 50% of the injected calcium 
was excreted into the intestine. Among the first observers to note the 
disparity between the calcium intake and output in exophthalmic goitre 
was Towles [1910]. She examined three cases of thyrotoxicosis on low and 
high calcium intakes and found a markedly negative balance in the former 
but a positive balance when large doses of calcium were given. On a low 
calcium diet the excretion of calcium in the urine exceeded the intake. 
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while the faecal loss was more than twice as much. Kummer [1917] con- 
firmed that there was a high faecal excretion of calcium in exophthalmic 
goitre and attributed this to difficulty in absorption. Aub et al. [1929] 
made a most comprehensive studj' of the calcium and phosphorus meta- 
bolism on normal individuals and on those with thjToid disease or taking 
th 3 Toid by mouth. On a low calcium intake of about 100 mg. a day they 
found normally in a three-day period that there was an excretion of 12-7 mg. 
of calcium per kg. of body-weight. In exophthalmic goitre on a similar 
diet they found a calcium excretion of 42-0 mg. per kg. and a similar, 
though not so well-marked, negative calcium balance was found in toxic 
adenoma. Further work by Michaud [1930], Hansman & Wilson [1934], 
Hansman & Carr-Fraser [1938], Puppel & Curtis [1936], Puppel, Klassen 
& Curtis [1939] and b 3 ’^ Cope & Donaldson [1937] brought forward still 
more evidence that increased activity of the thyroid gland is associated 
with an increase in the excretion of calcium and phosphorus. 

Post-morlem appearances of the skdelon 

Von Recklinghausen performed the necropsj' on a case djdng of thjTO- 
toxicosis under the care of Koeppen. K.o6ppen & von Recklinghausen 
[1891] and Koeppen [1892] published accounts of the case, and drew 
attention to the occurrence of the syndrome of thjTotoxicosis and de- 
calcification of the skeleton leading to a condition of osteomalacia. The 
combination of osteomalacia and thjTotoxicosis was later drawn attention 
to bj' Latzko [1901] and Tolst & Sarvonat [1900]. The latter reported a 
single case, whereas Latzko in a series of 150 cases of osteomalacia found 
that G were thjTOtoxic. Turnbull [1930], quoted bj’- Hunter [1930], 
reported on the liistological appearances of the bones in two cases of 
exophthalmic goitre and drew attention to the marked osteoporosis. 

Cause of toe Decalciticatiox 

Tiic evidence therefore clinicallj', biochcmicalh’, radiographically and 
finally that based on post-mortem appearances of the skeleton leaves little 
doubt that in exophthalmic goitre a continuous decalcification is pro- 
ceeding. Several theories of the cau.sation of the marked calcium loss in 
thyrotoxicosis have been suggested and a certain controversy exists 
reganling the actual cause. The following causes have been advanced: 

Jvcrfiiscd basal mdabolistn per sc 

Aub (t al. [1920], investigating this possibility, studied the calcium 
balance in ca.>-cs with a high metabolism due to causes other than 
thyrotoxicosis, such as fever or leukaemia. Three such case-c showe^l a 
normal c.alciinn exervtion, while the fourth c.ase had a negative balance 
for e.aleium .ajijtniaehing tli.at found in thaTOtoxicosis of like ch’v.at'-d 
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mciabolism. From tlicir studies these authors concluded that an increased 
calcium excretion is not necessarily indicative of a raised basal metabolism. 

Increased 2 diospliorns excretion 

Hocnnickc [1904] suggested that the excessive loss of calcium in thyro- 
toxicosis was secondary to an increased excretion of phosphorus, the role 
plaj^cd by the calcium being that of neutralizing phosphorus and other 
acid products. The cause of the excessive phosphorus excretion was 
attributed to the increased protein metabolism, one of the most 
prominent features of thjTotoxicosis. 

Vitamin D deficiency 

It is well known that vitamin D deficiencies arc associated with a high 
output of calcium both in the urine and faeces, and the administration of 
vitamin D in adequate amounts has resulted in changing a negative to a 
positive calcium balance. Thus Gargill, Gilligan & Blumgart [1930] 
treated a case of osteomalacia with large doses of vitamin D, and the 
excessive calcium loss returned to normal. The similarity in the calcium 
loss between osteomalacia and thyrotoxicosis has led several investigators 
to postulate vitamin D deficiency as a causative factor in the latter disease. 
Rabinowitch [1929] compared the effect of iodine treatment with and 
•without vitamins A and D on the basal metabolism in exophthalmic 
goitre and found that the average decrease with iodine was 3-2% dail}’’, 
whereas with iodine and vitamins the decrease was 4-7%. He believed 
that the administration of large quantities of vitamins A and D influenced 
the course of exophthalmic goitre. Fraser & Cameron [1929] thought 
vitamins A and D alone were vdthout effect on the course of thyrotoxicosis, 
and these findings were confirmed by Tibbits, McLean & Aub [1932], who 
found that large doses of irradiated ergosterol did not influence the greatty 
increased calcium excretion. 

Direct stimulating catabolic effect of thyroxin on bone 

Among others, Aub et al. [1929], Thomson & Collip [1932], Langdon- 
Brown [1932] and Cope & Donaldson [1937] are of the opinion that the 
increased excretion of calcium in thyrotoxicosis depends on a direct 
stimulating catabolic effect of the thyroid secretion on the calcium deposits 
in the bones. They have based their views on several observations that 
may be briefly summarized : 

(a) The serum calcium is normal. 

(b) The work of Parhon [1914], who fed rabbits on daily doses of 
thyroid varying from 50 to 300 mg. She noticed an excessive loss of 
calcium, the loss being greater as the dosage of thjwoid increased. 

(c) The calcium loss is predominantly in the faeces. 
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{d) The calcium excretion in myxoedema was found to be diminished, 
and after adequate treatment with thyroid or thjToxine had caused 
the basal metabolism to rise to normal the calcium excretion became 
normal. 

(e) In hypoparathyroidism the administration of thyroid or th 3 Toxin 
resulted in an increase of the serum calcium. In a case of post- 
operative hypoparath3Toidism recurrence of the thyrotoxicosis 
caused all signs of tetany to disappear, but with the administration 
of iodine and fall in the basal metabolism, tetan 3 ’ reappeared. 

Coexisting hyperparathyroidism 

Hansman & Wilson [1934] and Hansman & Carr-Fraser [1938] hold the 
view that the increased calcium excretion in th 3 Totoxicosis can onl 3 ' be 
explained by the presence of h 3 q)erparath 3 Toidism, and support for their 
views ma 3 ’' also be briefl 3 ’' summarized: 

(а) Iodine has caused the basal metabolism to fall to normal while 
the calcium excretion remained markedl 3 * exce.ssive. 

( б ) X-irradiation to the th3Toid region changed the calcium balance from 
negative to positive, but chnicall3' the th 3 TOtoxicosis was as severe 
before X-ray therap3', and the basal metabolism remained as 
markcdl3’^ increased above normal. 

(c) The use of diets higher in calcium than 0-2 g. daiU* has resulted in 
many positive balances in th 3 TO toxicosis. 

(d) Cases of h3’poparath3Toidism with coexisting toxic goitre have been 
described where there was calcium equilibrium. 

Of the various causes which have been mentioned to account for the 
increased mobilization and excretion of calcium in tluTotoxicosis chief 
interest has centred around the last two. 

It was with a view to determining more clcarh', if possible, whether 
the calcium excretion depended on the direct action of tln'roid secretion 
on bone or on an associated h3-perparath3Toidism that the following 
cases of th3Totoxicosis were studied. 


Exrr,RiMr.NT.M. ^Inmons 
Thr itnrd ronlinr nnd Jahnrnlory vi'!hr>d’ 

The plans of the ward routine were base<l on tbo-e j'revioinlv dc=r ribfd 
bv Raucr A: .Aub [1927]. The j)eri<>ds wero of tbre^' <i.avs and b'-foro tho 
obscrv.ations were bcgxin the .‘■ubject- uerr on tlio •.jv-.-inl rlfr-;, 

aftonvard-; dc--cril><'d. h>r tno to tbive da\>. At the fU'.d of tla- j ri liniirn-’.rv 
stapo, carmine alum lake 0 0 p. w.i-; piven at 1 an.d f vi-rv tho.-'o 

da\.s at the s-anu- time. Ihualh.- the dvo -.inj- in th<- f \],r~ f, U,,.,.. 
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ing morning, and this marked the beginning of the first period — i.e. the 
first stool eontaining the dye was not included in the first period. 

Did. The diet had a calcium content of 100-150 mg. daily, the acid and 
base being balanced. Tlie dailj’- calorific requirements were varied to suit 
individual requirements bj^The addition of foodstuffs very low in calcium 
content, the protein intake being in the region of 1 g. per kg. body-weight. 
The fluid and salt intake were kept constant. All utensils employed in the 
preparation of the food were washed with distilled water. The food was 
cooked by steaming, and eaten from the dish in which it was cooked. 
Variations in the calcium content of the articles of foodstuffs made the 
analysis of a duplicate diet essential. The c.xtent of this variation is 
shown b}’^ the following figures for marmalade. 

Calcium content of marmalade in g. per 100 g. : 

Published value: 0‘012 Value found: 0-071 

Table I gives the published calcium content of the various foodstuffs used 


Table I. Calcium content of the diet 


Food or xnodicino 


(o) Figures taken from Sherman [1937}. 


Colcium content 
(g. per. 100 g.) 


Apples 

0-007 

Bacon 

O-OOG 

Bananas 

0-008 

Beef (lean) 

0-013 

Broad (white) 

0-031 

Cliickon 

0-011 

Honey 

0-004 

Lemon juice 

0.022 

Potatoes 

0-013 

Kico (uncooked) 

0-011 

Sugar 

0-000 

Tomatoes 

0-011 

’ carried out in Courtauld Institute 


Ordinary salt 

390 mg. per 100 g. 

Digitalis tablet (gr. 1) 

0-46 mg. per tablet 

Barley sugar 

8-0 mg. per 100 g. 

Cascara Evacuant (Parke, Davis 

42-0 mg. per 100 ml. 

& Co.) 


Aerated soda water 

0-06 mg. per 100 ml. 

Haust. pot. brom. 

2-3 mg. per fluid oz. 

Pot. brom. gr. 16 


Syrup, aurant. m. 30 


Aq. chlorof. ad 1 oz. 


Thyroid tablet (gr. 2) 

0-05 mg. per tablet. 

Mist. iod. (CO mg. iodine in 1 oz.) 

1-5 mg. per fluid oz. 

Luminal tablet (gr. 1) 

2-0 mg. per tablet 


for the preparation of a low calcium diet, and our figures for the calcium 
content of any medicines taken by the patients as determined by us. But 
in all cases duplicate diets were prepared, every effort being made to 
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secure comparable samples — e.g. ■when meat from a joint was given to a 
patient an equal amount of meat from the same cut was used for the 
determination of calcium and phosphorus. Few, if any, of the patients or 
normal subjects complained about the nature of the diet and there was 
no loss of weight during its administration. Constipation occasionall3’- 
occurred, and when a delay of 24 hours took place a simple distilled water 
enema was given. 

Urine 

The urine was collected in Winchester bottles in 24-hour specimens 
from 9 o’clock one morning to 9 o’clock the next. Toluene was used as a 
preservative, and the bottles were stored in a refrigerator by the bedside 
pending their removal to the laboratory. 

Faeces 

The stools were received into special bowls supplied -ivith lids to fit, and 
these bowls were dispatched to the laboratory immediately. 

Analyses of the specimens 

The main difficulty in the analysis of a mixed diet or of faeces is that of 
obtaining a representative sample. The object in these experiments was 
to obtain a stable finely ground powder which permitted easy and accurate 
sampling. The presence of fat in faeces or in diet prevents fine sub- 
division of the dried material. For this reason the fat and at the same 
time a large proportion of the water were removed by treatment with 
acetone prior to drying and grinding. This process as applied to faeces 
was ns follows; Each specimen of faeces, which had been passed directly 
into a large enamelled bowl, was treated with two volumes of acetone 
which was thoroughly mixed ■with the specimen. At the end of an hour all 
the specimens of the three-daj’ period were filtered through a large Bucliner 
funnel, using suction. The filtrate was measured and mixed with the three 
days’ supph’ of urine or analy.sed separateh', ns desired. The residue on 
the filter-paper was warmed to expel the excess of acetone and then dried. 
Wiicn dry it was weighed, and aftenvards ground to a fine powder in a 
mechanical grinder. In the case of the diet it was possible to omit tlie 
acetone extraction in most cn.^cs by separating the butterfat from the 
diet. In this case the three d.ays’ .Mjpply of butterfat was weighcfl, melted 
and well mixed prior to sampling. The diet was minced, dried at lo.'i' C'., 
weighed and then ground to a fine powder in a mechatiie.al grinder. 

Samples containing 0-20 mg. of calcium were fiir the nn-ilv-i'-. 

In the ea-^e of the diet. 30 g. of the ]wvdercd diet and its equivalent of 
butterfat were plaecil iit the same di'-h. For urine ti^uallv loa j!)]. < re 

evaporated to drync'-s in a ]K'rcclain di^h. Th.e .'■-'itnt''.'' of f:’.' ..'*, -, in- 
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1 g., was weighed in a dish containing the equivalent of acetone extract 
of the faeces which had previously been evaporated to dr^^ncss. If the 
total excretion of calcium only was required, then a definite aliquot, e.g. 
J/70th of the total quantity of urine, faeces and faecal extract, was measured 
into one dish and evaporated to dryness. The dishes were then placed 
overnight in a mufilc furnace maintained at fiOO® C. Next daj^ the ash was 
dissolved in hydrochloric acid and the solution was filtered, if neccssar 3 % 
and transferred to a conical Hash. 

Chemical mefhods 

All the chemical determinations were done in duplicate. The calcium 
estimations of the diet, faeces and urine were determined b}’- a modification 
of McCrudden’s method [1010, lOH], ns described by Hawk & Bergeim 
[1908]. The precipitated calcium oxalate was collected on a Jena j^orous 
glass filter, and washed with dilute ammonia. Tiie o.xalate was then dis- 
solved in dilute sulphuric acid and titrated with N/10 jjotassium perman- 
ganate solution. The j)hosphate was determined bj’- the method of Fiske & 
Subbarow [1925] as modified b 3 ’^ King [1932]. 

Basal mciabolism. 

The basal metabolisms were measured bj^ the closed circuit apparatus as 
described by Robertson [1937] and the standards of Means, Aub & Dubois 
[1917] emplo^^ed. 

Experimental Results 
No}-nial controls 

Nine subjects, three men and six women, with ages varying from nine- 
teen to fifty-four, were studied. All the subjects were normal, health}'' 
individuals who had volunteered for the investigation. In all, 33 three- 
day periods were investigated, and each period was preceded b}'- at least 
three days on a low calcium intake of 100 to 150 mg. daity. The data are 
presented in Table II, the subjects of each sex being arranged in order of 
their weights. It will be seen that a variation in the calcium and phosphorus 
excretion occurs among different individuals and also in different periods 
of the same individual. In all the cases studied there was one constant 
finding — a negative balance for calcium and phosphorus in eveiy period. 

In the male subjects the average calcium intake per three days was 0-32 g. 
and the average output 0-73 g., resulting in an average negative balance 
of 0-41 g., whereas the average phosphorus intake per three-day period 
was 1-12 g., the average output 1-93 g., resulting in an average negative 
balance of 0-81 g. In the women controls, the corresponding figures for 
calcium were 0-31 g. and 0-78 g., resulting in an average negative balance 
of 0-47 g., and were for phosphorus Ml g. and 1-72 g., resulting in an 
average negative balance of 0-55 g. The results are similar to those of 
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previous investigators [Bauer, Albright & Aub, 1929; von Wendt, 1905; 
Sherman, Wheeler & Yates, 1918 and Sherman & Winters, 1918] -whose 
experimental conditions -were the same as those detailed above. From 
Table II it can be seen that the calcium excretion for a three-da}- 
periodis 12-4 mg. per kilogram of body--weight for a man and 14-5 mg. for 
a -woman, the phosphorus excretions being 32-9 mg. and 30-7 mg., respec- 
tively. It would appear therefore that the calcium loss is if an>i:hing 
greater in woman than in man. 

Patients suffering from thyrotoxicosis 
This series consisted of thiitj-’-three consecutive cases of thjTotoxicosis 
admitted to the Courtauld Wards for investigation and treatment, com- 
prising five men and twent 3 ’^-eight women. Two cases. Nos. 1 and 8 (a 
man and a woman), -were too ill to allow a study of the calcium and phos- 
phorus metabolism in the pre-iodine stage and the later investigations 
were not carried out as thej' would have been of little relative importance. 
It w'as endeavoured to make a studj^ of the calcium and phosphorus 
balance in the active stage of the th3Totoxicosis ; b3' that is meant at a 
time when either no iodine had ever been taken, or when iodine had not 
been taken for a period of at least two montlis. Afterwards in the text we 
shall refer to this stage as the ‘iodine-fast’ stage, indicating that th 3 TO- 
toxicosis was not controlled b 3 ’ an 3 ' action of iodine and was therefore in 
its most active stage. The balance was again studied during the maximum 
beneficial effect of iodine therap 3 ' as judged b 3 ’ frequent basal metabolism 
measurements. During this stage the B.M.R. was constant and level, for 
a period of at least ten da 3 's, and the calcium and phosphorus balance 
was studied in the middle of this period. B 3 ' this means it was endeavoured 
to find out whether the calcium and phosphorus loss fell pari passu with 
that of the basal heat output, the latter being constant over a suflicienth' 
long period to make one comparable with the other. The final observation 
was made two to three weeks after subtotal th\Toidectom\’ at a time when 
the B.M.R. was again at a constant level for a jwriod of at least seven to 
ten days. Unfortunately three specimens after iodine thcra{)V were lo'^t 
(Nos. 2, 22 and 2S). In Table III are given the figures for the calcium 
!ind ])hosi>horus balance in 31 of 33 ca.ses of thyndoxicosis studied (2 ra^os 
wem ton ill for .'-tudy). The cases am arranged in order of their toxicity a^- 
determined by the level of the ba'-al metaboh’«tn in the untre.ateff f>r ‘iodine- 
fa'-t’ stage. In Table IV an' given the data on the r.dcium and j>ho -jilmni-' 
exen-tion i>er kilogram of body-weight l>efon- ami during iodiim thcrajn- 
and after s\dit<dal thx mideetomy. 

To gi\e a general impn--ion fie.ir <-catt<T di iyr-mm c.tv iiv. (J'ji'-. 

l-tl. l lV'' 1 ami "2 an' si'.atter di-'ietams n-latine tla- Im-^ ;! n.' '...K •li'' c-,;,- 



24G G. E. BEAUMONT, E. C. DODDS AND J. D. ROBERTSON 
Table II. Calcium and 2 diospJiorus metabolism in normal subjects 

Totnl Totnl 

Cnlciiim in g. per cnlciuin Pliosplionis in g. per phosphorus 
3-dny ])orio(l excretion .3-cIny period excretion 

, V r— ^ 







Out- 


per kg. 


Out- 


per kg. 

No. Nnmo Ago 

(5'g-) 

Intake 

put 

Balance 

(mg.) 

Intake 

put 

Balaneo 

(mg.) 

(a) Males 











1 

S.W. 

27 

57-3 

0-31 

0-72 

-0-41 

120 

1-05 

2-07 

-1-02 

36'1 





0-29 

0-95 

-0-C6 

ICC 

MO 

2-42 

-1-32 

42-2 





0-29 

0-67 

-0-38 

11-7 

1-00 

2-09 

-1-03 

36-5 





0-37 

0-72 

-0-35 

12-5 

MO 

2-21 

-Ml 

38-5 

2 

A.K. 

30 

58-7 

0-39 

0-85 

-046 

14-5 

1-01 

1-77 

-0-76 

30-1 





0-37 

0-74 

-0-37 

12-6 

1'07 

1-72 

-0-65 

29-3 





0-32 

0-74 

-0-42 

12-6 

1-07 

1-63 

—0-56 

27-8 





0-30 

0-09 

-0-39 

11-7 

Ml 

1-50 

-0-39 

25-5 





0-26 

0-80 

-0-63 

151 

MO 

1-81 

-0-71 

30-8 





0-27 

0-84 

-or, 7 

14-3 

1-08 

1-73 

-065 

29-4 

3 

A.D. 

54 

GO 

0-27 

0-45 

-0-18 

7-5 

M6 

1-97 

-0-82 

32-8 





0-38 

0-65 

-0-17 

9-2 

1-28 

1-95 

-0-67 

32-5 





0-37 

0-87 

-0-50 

14-5 

1-24 

2-41 

-M7 

40-1 





0-33 

0-51 

-0-18 

8-5 

1-27 

1-73 

-0-46 

28-8 



Avorngo 

0-32 

0'73 

-0-41 

12-4 

M2 

1-93 

-0-81 

32-9 



Rfingo 

0-26 

0-45 

~0-17 

7’6 

1-01 

1-50 

-0-39 

25-5 





to 

to 

to 

to 

to 

to 

to 

to 





0-39 

0-95 

-O' 66 

16-6 

1-28 

2-42 

-1-32 

42-2 

(6) Females 










1 

M.C. 

50 

42-7 

0-32 

0-90 

-0-58 

21*0 

1-09 

1'67 

-0-58 

39-1 





0-25 

0-72 

-0-47 

16-8 

0-94 

1-40 

-0-46 

32-8 





0-25 

0-71 

-0-46 

16-6 

1-04 

1-41 

-0-37 

33-0 

2 

D.K. 

29 

43-6 

0-39 

l-Ol 

-0-02 

23-2 

1-24 

1-98 

-0-74 

45'4 





0-39 

0-72 

-0-33 

16-5 

1-20 

1-90 

-0-70 

43-6 





0-30 

0-97 

-0-67 

22-2 

1-03 

1-87 

-0-84 

42-9 





0-34 

0-67 

-0-33 

15-4 

1-22 

1-49 

-0-27 

34-2 

3 

D.S. 

19 

51-8 

0-38 

0'58 

-0-20 

11-2 

1-28 

1-30 

-0-02 

25-1 

4 

R.S. 

48 

57-8 

0-26 

0-65 

-0-39 

11-2 

MO 

1-83 

-0-73 

31-6 





0-27 

0-84 

-0-57 

14-5 

1-08 

1-75 

-0-67 

30-3 





0-26 

0-89 

-0-63 

15-4 

MO 

1-74 

-0-64 

30-1 





0-26 

0-94 

-0-68 

16-2 

1-10 

1-61 

-0-51 

27-8 

5 

H.B. 

36 

58-2 

0-25 

0-53 

-0-28 

9-1 

M2 

1-55 

-0-43 

26-6 

6 

A.S. 

32 

71-7 

0-45 

0-79 

-0-34 

11-0 

M2 

1-94 

-0-82 

27-0 





0-40 

0-86 

-0-46 

12-0 

1-05 

1-91 

-0-86 

26-6 





0-34 

0-72 

-0-38 

100 

1-11 

1-60 

-0-49 

22-3 





0-30 

0-70 

-0-40 

9-8 

MO 

1-28 

-0-18 

17-8 





0-26 

0-86 

-0-60 

12-0 

MO 

1-74 

-0-64 

24-2 





0-27 

0-76 

-0-49 

10-6 

1-08 

1-64 

— 0'56 

22-8 



Average 

0-31 

0-78 

-0-47 

14-5 

Ml 

1-72 

— 0'55 

30-7 



Range 

0-26 

0-53 

-0-20 

9-1 

0-94 

1-28 

-0-02 

17-8 





to 

to 

to 

to 

to 

to 

to 

to 





0-45 

1-01 

-0-GS 

23-2 

1-28 

1-98 

-0-86 

45-4 
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to the concurrent level of calcium and phosphorus balance respectively. 
Figs. 3 and 4 show the relation between the percentage fall in basal meta- 
bolic rate following iodine therapy or operation and the percentage change 
in calcium and phosphorus balance at the same times ; in both cases a rise 

Table III. Cases of thyrotoxicosis 

Calcium balance Phosphorus balance 



Wt. in kg. 


B.M.R. 



in g. 



in g. 




' 

On 

t 

After 

'■ ■ 

On 

After 


On 

After 


On 

After 


Name 

Before 

iodine 

oper. 

Before 

iodine 

oper. 

Before 

iodine 

oper. 

Before 

iodine 

oper. 


G.B. 

5G-5 

52-3 

52-3 

+67 

+30 

+3 

— 

— 

— 

— 

— 

— 

1 

G.T. 

G02 



71-7 

+00 

+14 

-8 

2-08 

— 

079 

1-12 

— 

1-19 

2 

E.G. 

50-9 

50-3 

50-4 

+01 

+7 

-19 

0-&1 

040 

030 

030 

018 

0-17* 

3 

E.D. 

43-2 

43-8 

44-4 

+57 

-4 

-21 

1-Gl 

035 

014 

072 

026 

0-34 

4 

C.N. 

51-3 

50-9 

50-5 

+40 

+9 

+1 

093 

005 

003 

064 

045 

031 

5 

G.H. 

59-3 

59-3 

58-0 

+40 

0 

-19 

1-03 

1-75 

058 

065 

082 

023 

C 

E.S. 

49-3 

54-1 

55-2 

+43 

+ 5 

-3 

109 

1-20 

019 

079 

081 

045 

7 

A.C. 

38-7 

37-5 

37-5 

+43 

+9 

-1 

— 

— 

— 

— 

— 

— 

8 

V.C.-H. 

49-5 

51-8 

53-4 

+42 

+2 

-C 

1-28 

095 

048 

1-13 

006 

052 

9 

M.E. 

41-8 

41-5 

44-4 

+42 

+5 

+3 

1-21 

067 

OGO 

083 

049 

050 

10 

L.II. 

44-8 

40-4 

47-7 

+38 

+19 

-4 

1-00 

004 

040 

0-01 

094 

OIC 

11 

G.J. 

57-0 

580 

58-1 

+37 

-0 

-8 

1-10 

1-12 

048 

1-08 

1-35 

019 

12 

E.J. 

5G-4 

57-5 

57-5 

+30 

-4 

-14 

GC2 

030 

084 

040 

OOl 

050 

13 

E.H. 

400 

47-8 

480 

+29 

+7 

-17 

107 

049 

030 

095 

029 

002 

14 

E.H. 

45-9 

50-3 

500 

+29 

-3 

-15 

1-00 

089 

049 

1-10 

075 

051 

15 

A,S. 

50-9 

51-5 

53-3 

+28 

+8 

-6 

0-72 

059 

041 

055 

1-03 

028 

10 

E.R. 

Gl-5 

59-8 

59-8 

+27 

+ 1 

-17 

099 

080 

1-22 

090 

057 

OOl 

17 

G.F. 

48-0 

51-1 

530 

+27 

+8 

-14 

1-91 

Ml 

038 

1-07 

1-30 

022 

18 


4&0 

40-8 

500 

+21 

-3 

-14 

0-00 

108 

1-43 

092 

M7 

088 

19 

L.P. 

43-2 

43G 

430 

+ 21 

+2 

+3 

0-39 

037 

032 

008 

020 

001 

20 

N.H. 

67-5 

CM 

Gl-1 

+20 

-i 

-15 

052 

009 

050 

095 

055 

020 

21 

C.W. 

4CO 

47-0 

470 

+ 20 

-11 

-4 

041 

— 

032 

034 

— 

0 36 


W.T. 

5213 

530 

51-9 

+20 

+4 

-10 

057 

019 

039 

OlO 

OOl 

007 

23 

n.r. 

53-7 

51-5 

650 

+20 

+9 

-4 

1-81 

1-70 

040 

1-27 

085 

002 

24 

F.M. 

790 

791 

70-5 

+ 19 


—1 

078 

1-13 

017 

1-05 

048 

0 01 

25 

M.Tl. 

500 

52-0 

490 

+ 18 

+ 13 

-4 

053 

077 

048 

033 

109 

0 03 

20 

J.W. 

46-3 

490 

51-3 

+ 10 

+ 4 

0 

1-32 

1-20 

050 

085 

082 

006 

27 

F.W. 

515 

57-2 

57-2 

+ 15 

+ 8 

-9 

1-OS 

— 

007 

1-14 

— 

0 28 

2.8 

n.K, 

500 

.'^0-4 

52-2 

+ 15 

-14 

-24 

1-53 

1-07 

015 

048 

007 

0 78 

29 

M.C. 

.57’7 

.50-8 

59-8 

+ 14 

-4 

— 2.5 

lOl 

1-59 

0 06 

002 

1-16 

0 32 

.90 

1,11. 

41-3 

420 

407 

+7 


-C 

oe.s 

049 

051 

OC.8 

007 

047 

31 

J.T. 

5G-2 

59-7 

59-9 

+ 0 


-27 

012 

022 

037 

001 

071 

O.'O 

-»'■> 

E.K. 

421 

42-^ 

420 

+ 1 

-0 

-17 

085 

005 

007 

018 

017 

019 

33 
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in the negative balance is regarded ns a positive clinnge. If there is a direct 
relation the points in the graphs .•:hoiild fall along a .straight line. Tlic 
degree of scatter is, however, vcn.' great and appears to us to indicate 
that the relationship is not direct. This conclusion is .'supported by the 
consideration of the individual results given below. 


Calcium Tnctnboli^n 
Calcium rrerrtion irit/iin r.nrtr,al limits 

In l.'i of the ca^es the calcium excretion in ing. j>er lie. v,a<; within or 
nlmo‘.t vithin the limits of the r.orinal contnib riven in Tab].> II. alth-nrh 



PHOSPHORUS BALANCE (,G./DAy) 


♦ 0-20 



BASAL METABOLIC RATE 

Fig, 1. Rclntion between calcivim balance and basal metabolic rate. 
• Cases of thyrotoxicosis 
Q „ „ treated with iodino 

O after subtotal thyroidectomy. 



BASAL METABOLIC RATE 


Fiq. 2. Relation between phosphoi’us balance and basal metabolic rate. 
• Cases of thyrotoxicosis 

S fr 91 

O 11 11 


treated with iodino. 

after subtotal thyroidectomy. 




Fio. 3. Relation between fall in basal metabolic 
rate and change in calcium balance when thjTOtoxic 
patients are treated with iodine (•) or by subtotal 
thyroidectomy (O). 



Jic.4. cr*:i fftl! sn t it-'’ t nW \ rr^^ c 

fLT.d iri j-'i'-rrs' wK'O 

n-r tnr.-.r.! V|0, , .1...^ ,•) J , 

\ ( : V. 
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ilic range of tlio ‘iodine-fast’ basal Jiielabolisms varied from -fl to +07 
with a mean figure of +30. Iodine medication brought about a fall in the 
basal metabolisms of all tlicso cases, but a study of the calcium metabolism 
showed that a diminution in the calcium excretion occurred in 7 or 54% 


No. Nnmo 
1 G.B. 


Table IV. Calcium and phosphorus excretion in thyrotoxicosis 

Calcium oxcrotion in nig. per rhospliorua excretion in mg. 
kg. of body-wt. per 3-dny per leg. of body-wt. per 3-dny 
period period 

I * \ ! — • , Tj'po of 

Coforo On iodine Aftoroper. Before On iodine After opor. gland 


2 

G.T. 

40"2 

— 

15-9 

.3 

E.G. 

19-2 

15-9 

121 

4 

E.D. 

42-8 

13-5 

8-8 

f) 

C.N. 

24>9 

9-0 

7-3 

0 

G.H. 

32'2 

33-7 

14-3 

7 

E.S. 

39-G 

27-7 

8-2 

8 

A.C. 

— 

— 

— 

9 

V.C.-H. 

32-3 

23-3 

1.3-3 

10 

M.E. 

30-1 

27-0 

19-0 

11 

L.R. 

29-0 

19-4 

14-3 

12 

G.J. 

24-0 

25-2 

12-7 

13 

E.J. 

lC-3 

10-2 

19-1 

14 

E.H. 

29-1 

15-4 

11-5 

15 

E.H, 

28-7 

22-9 

15-4 

10 

A.S. 

20-1 

17-9 

13-6 

17 

E.R. 

20-5 

17-9 

26-1 

18 

G.F. 

44-2 

24-8 

12-1 

19 

J.S. 

19-8 

29-2 

33-8 

20 

L.P. 

14-0 

13-8 

13-8 

21 

N.H. 

13-4 

15-4 

13-1 

22 

C.W. 

lG-7 

Lost 

13-6 

23 

W.T. 

15-4 

8-5 

13-1 

24 

E.F. 

40-G 

37-G 

13-3 

25 

F.M. 

13-9 

18-2 

9-9 

26 

M.R. 

14-9 

18-7 

14-3 

27 

J.W. 

34-7 

33-9 

16-4 

28 

F.W. 

24-1 

— 

6-3 

29 

B.R. 

34-0 

37-9 

7-9 

30 

M.C. 

21-6 

33-3 

4-0 

31 

L.H. 

23-6 

18-6 

18-7 

32 

J.T. 

11-9 

8-2 

10-7 

33 

E.K. 

28-2 

21-8 

23-6 


— 

— 

— 

Difluso 

42-8 

— 

39-0 

Nodular 

41-9 

35-0 

29-4 

Nodular 

47-2 

25-3 

24-8 

Diffuse 

40-5 

40-9 

37-G 

Nodular 

35-4 

39-4 

30-4 

Nodular 

52-9 

50-3 

27-0 

Nodular 

— 

— 

— 

Diffuse 

C4-7 

42-8 

39-5 

Nodular 

48-8 

43-G 

40-9 

Nodular 

50-9 

54-9 

35-2 

Diffuse 

47-4 

37-C 

28-8 

Diffuse 

30-8 

29-2 

3C-7 

Diffuse 

60-0 

35-4 

41-8 

Nodular 

54-2 

43-9 

38-2 

Diffuse 

45-9 

4C-2 

37-1 

Diffuse 

47-0 

3G-0 

38-8 

Diffuse 

70-7 

66-3 

34-1 

Nodular 

49-4 

57-9 

48-7 

Diffuse 

37-4 

43-0 

38-5 

Nodular 

41-3 

31-2 

2G-6 

Nodular 

32-0 

Lost 

30-G 

Diffuse 

28-4 

24-0 

24-G 

Diffuse 

65-6 

4G-7 

28-0 

Nodular 

33-4 

27-7 

19-9 

Nodular 

34-0 

47-8 

28-0 

Nodular 

61-8 

52-6 

30-4 

Diffuse 

49-0 

— 

21-G 

Nodular 

36-4 

42-0 

13-0 

Diffuse 

40-6 

50-7 

22-9 

Diffuse 

50-7 

3G-G 

25-G 

Nodular 

38-6 

37-5 

34-5 

Diffuse 

34-0 

40-2 

39-3 

Diffuse 


of the 15 cases (in 2 cases — ^Nos. 32, 38 — the specimens after iodine were 
lost). In other words, although iodine brought about a remission in the 
symptoms of the th 3 Totoxicosis and a faU in the level of the basal meta- 
bolism in all the patients, in 6 or 46% the calcium excretion remained 
unchanged from or rose above the ‘iodine-fast’ rate. 


Calcium excretion increased above normal 

In 18 of the 33 cases the calcium excretion was greater than normal. 
The range of the basal metabolisms of these patients varied from +1 to 
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4-60 with a mean figure of -|-35. There was therefore little difference in 
the severity of the thyrotoxicosis as judged by the basal metabolism in 
these two groups of cases, yet in one the calcium mobilization and excre- 
tion was above normal and in the other within normal limits. The calcium 
excretion was studied after the maximum beneficial response to iodine 
in 15 cases (Nos. 2 and 28 specimens lost), and in 11 or 73% the calcium 
excretion dimi nis hed as the basal metabolism fell, whereas in the remain- 
ing 27% the calcium excretion remained unchanged or was increased 
stiff more. 

A study of the calciiun excretion in the untreated ‘iodine-fast’ stage of 
the thyrotoxicosis gives further evidence that there is no relationship 
between the mobilization and excretion of calcium and the degree of 
increase of the B.M.R. Thus in case 3 for example, the B.M.R. was -|-61 
yet the calcium excretion was well within normal limits and clinically’-, 
apart from the B.M.R. studies, this was a case of very severe thjTotoxic- 
osis. Tlu-ee other cases not included in the table, as post-operative tetany^ 
interfered with the calcium and phosphorus studies, had B.JI.R.’s of 
-f 79, -f 54 and -{-49, indicating a severe degree of thyTotoxicosis, yet their 
calcium excretion was within normal limits being 19-5, 14-0 and 22-4 mg. 
per kg. of body-weight per tlirec-day period. 

With the exception of two cases (Nos. 17 and 19) the caleium excretion 
after subtotal thyToidcctomy was within or almost within normal limits. 
In seven cases, however, the calcium excretion after operation was either 
unchanged from or was greater than the pre-iodine rate. Table V gives the 
particulars of these cases. Both clinically' and from a study of their basal 
metabolism these patients were cured of their thyrotoxicosis by subtotal 
thyroidectomy' ; nevertheless the excretion of calcium remained unchanged 
from, or was greater than the rate of calcium loss when the thyrotoxicosis 
was active. 

Table V 

Bawl motaboU'Jm Calcium excretion 



Boforo 

After 

Before ope-. 

After 

Numl>cr 

oper. 

op^r. 

arul iodine 

oper. 

is 

J-3G 

-H 

lC-3 

19-1 

17 

27 

-IT 

20-S 

2C-1 

IS 


-U 

lf>-8 

S3-S 

20 

4-2! 

4*3 

HO 

13S 

21 

4-20 

-ir* 

13-t 

131 

20 

4 IS 

_4 

14-P 

U-3 


Pl.o^phorus tnftrtftolhm 
fjrcrf'inn inVAi’n nonr.rzl Urr,i(.t 

In 1.7 of the ,”?> c.aces the pho-jdi.sto excretion witlhn tlie r.onn.-il 
limits of IT'S t<' -t.’i-t mg. jv'- *)f Iwv'Iy-vcicht p< r thn-e-driy jc-ri-vl. 
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Usually a normal phosphorus excretion was associated with a normal 
calcium excretion, but in some cases where the phosphorus excretion lay 
Avithin normal limits the calcium loss was greater than normal and vice 
versa. Iodine medication brought about a fall in 5 of the 13 eases studied 
(30%) (Nos. 2 and 22 .specimens lost), and in the remaining eight (61%) 
the phosphorus excretion cither remained unchanged or became greater, 
although symptomatic improvement and a fall in the basal metabolism 
occurred in all cases. 

Phosphorus excretion increased above normal 

In 16 of the 33 cases the phosphate excretion was greater than normal. 
Iodine medication brought about a diminution in 12 cases, in 4 cases the 
excretion remained practically unchanged or increased. 

As in the case of the calcium metabolism no correlation Avas found 
betAA’^een the soA’-erit3'- of the th3’Totoxicosis and the degree of phosphate 
loss. 

Stoimaey 

1 . The calcium and phosphorus balances haAm been studied in normal men 
and Avomen on a Ioav intake of these minerals (calcium 100-150 mg. dail3’'; 
phosphorus 350-450 mg. daily). A negath’^e balance for calcium and 
phosphorus Avas constant^ found : 

Three-day period observations 

Calcium metabolism Pliosphorus metabolism 


Negative balance Excretion in Negative balance Excretion in 




in g. 

mg. per kg. 


in g. 

mg. per kg. 


Mean 

Range 

Moan 

Range 

Jloan 

Range 

Jlcan Range 

Men 

0-41 

0-17-0-CG 

12-4 

7-6-10-6 

0-81 

0-39-1-32 

32-9 25-5-42-2 

AVomon 

0-47 

0-20-0-G8 

14-5 

9-1-23-2 

0-55 

0-02-0-8G 

30-7 17'8-45-4 


2. The calcium and phosphorus metabolism has been studied in a series 
of 33 cases of th 3 rrotoxicosis on a Ioav intake of these minerals similar to 
that ingested by the normal controls. A negatiAm balance for calcium and 
phosphorus was constantly found, but tlie average loss AA-^as greater than in 
the series of normal people. 

On iodine medication a symptomatic improvement occured in all cases, 
the basal metabolism fell, and the mean calcium and phosphorus excretion 
also diminished. 

After subtotal thyroidectomy a further fall in the basal metabolism 
invariably occurred and this Avas accompanied by a still further diminution 
in the mean calcium and phosphorus excretion. These AA'^ere the findings 
in the series of cases AAdiich Avere clinically and biochemical^ free from 
post-operative tetan 3 ^ 
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3. The above evidence would appear to favour the theory that the 
increased calcium and phosphorus loss in thyrotoxicosis is due to the 
direct effect of thyroxine on bones, assuming that there is an excessive 

Calcium excretion Phosphorus excretion 
in mg. per kg. in mg. per kg. in Basal 

in 3 day period 3 day period metabolism 



Mean 

Range 

Mean 

Range 

Jlean 

Range 

Before treatment 

26-2 

46-2-1 1-9 

45-0 

70-0-28-4 

-k30 

-5-67 to -5-1 

After iodine therapy 

21-4 

37-9-8-2 

41-2 

57-9-24-0 

+2 

-f 30 to —22 

After operation 

14-0 

33-8-4-0 

32-0 

48-7-13-0 

-10 

-5-4 to —27 


secretion of thyroxine in that disease. Closer study, however, indicates 
that this theory is not a satisfactory explanation. Thus : 

(а) In almost half of the cases studied the calcium and phosphorus ex- 
cretion was within the limits of the normal controls. This in itself 
is not a strong argument as it is recognized that if the normal range 
is vide, overlapping of normal and abnormal findings may occur. 

(б) There was no correlation between the severity of the th3TOtoxicosis 
as judged clinically (and confirmed by the basal metabolism) and 
the calcium and phosphorus loss, e.g. the severest case of thjTo- 
toxicosis had a normal mineral metabohsm. 

(c) Although iodine caused a remission in all cases with a fall in the 
level of the basal metabolism, in onlj’ 55% of cases did the calcium 
and phosphorus excretion diminish. 

(d) In six cases the calcium excretion remained the same after as before 
successful operation. One of these cases had a pre-operative basal 
metabolism of -(-36 and a post-operative one of — 14. 

These findings suggest that some other cause than the direct action of 
thyroxine secretion on bone must be sought to account for the decalci- 
fication and the excessive calcium and pho.sphorus loss from the bodj’ in 
thjTotoxicosis. 

We arc very grateful to Mr. J. F. Barrett, B.Sc., for carr%-ing out the 
chemical anaU'.'scs. 
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THE TIME AND RATE OF APPEARANCE OF 
GONADOTROPHIN IN THE SERUM OF 
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{Received 12 July 1940) 

Apart from the work of Cole and In's collaborators, little is known about 
the rate of production and the maximal concentration of the gonado- 
trophin in the serum of pregnant mares. Cole & Hart [1030] showed that 
the hormone first appears in the blood between the 5th and Gth week and 
that maximal concentration is attained between the GOth and the 90th day. 
In a later paper Cole [1938] observed that the peak concentration of 
gonadotrophin in the serum of pregnant ponies was four times as great as 
it was in the blood of mares of larger breeds, and also that it occurred for an 
even shorter time. The importance of accurate information about tlio 
time and duration of peak concentration has led us to obtain data for 
breeds of ponies available in England. 

We have also investigated the extent to which the j)rcgnant marc can 
be bled on one occasion, and the frequency with wliich large volumes of 
blood can be withdrawn, without affecting the concentration of the hor- 
mone and without interfering with the course of pregnancy. 

Material and Methods 
Production and detennination of pregnancy 

Eight marcs, lettered A-H. were used. Six of tliesc (A-1') were Webb 
ponies, one (C) was a New Forest jiony and one (H) a Slietland ponv. 
They were inseminated at various times in oestru'^ with sperm collected 
fnun a stallion of unknown bri'cd. The ejnculnte wa'- collected in an 
artilicial vagina. Tlic seminal fluid w.as sejiarated into acc-c--orv secn-tioiw 
and sperm, and the inan-s iiweminatcd with the latter. Tim o( ciinTn<-e 
of ovulation was determined by p.ilp.ation of th>' ovari'-.-. ;>rr rfri’ivi. On 
the average, ovidation occumvl about -Is hours after in-emir,:.^;.,,) 
I’n'gnancy is dat<‘d from the day of ovulaticm. .\1! nrire- wen^ di ivn- 1 
as )in’;:n.ant by rx'rtal palpatii'u prior to th'- .onnn'-my.on nt of h!'»-'i :i.' 
[Day, I'.Mo]. 
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Collection of blood and serum 

Blood was collected in open beakers by the introduction of a fairly 
wide-bore needle into the jugular vein, and was allowed to stand at room 
temperature for 24 hours. Tlie scrum was then decanted and centrifuged, 
and 24 hours later, on its arrival at Hampstead, it was cold-stored. 

Storage of serum 

After a small sample of tlic scrum had been taken for assay purposes, 
the remainder of each of tlie large volumes of serum was distributed in 
ampoules of 15 ml. and in bottles containing 100 ml. Tlie serum was then 
dried in high vacuo by the method of Greaves & Adair [1938], Assays of 
the dried serum have shown that no loss in activit}’- occurs during this 
process of drying. 

Biological assay 

The serum was assa 3 '^ed bj' its ability to increase the weight of the ovaries 
of immature rats. Groups of 5 or 10 rats weighing 40-50 g. were injected 
subcutaneously once dailj’- for 5 daj'S. The animals were killed 24 hours 
after the last injection, the ovaries and uterus were dissected and fixed 
in Benin’s fluid overnight. On the following day these organs were 
weighed from 70% alcohol. The activity of each sample of serum was 
calculated in International Units (I.U.) of mare serum gonadotrophin b^’ 
translating the response obtained into I.U. by means of a dose-response 
curve for the International Standard preparation [Rowlands & lYilliams, 
1941], Assays on the International Standard preparation whicli were 
carried out during the course of these investigations agreed closety with 
the dose-response curve. 


Results 

The data concerning the times of bleeding and the activity of the serum 
obtained at different stages during early pregnancy are given for each 
mare in separate tables (Tables I-VIII), and in Figs. 1-3. 

Mare A. Welsh pony; age 6 years. Commencing on the 47th daj'' of 
pregnancy, one litre of blood was withdrawn every 14 days until the 132nd 
day, except that nearly two litres were withdrawn on the 104th da 3 ^ 
Data and results are given in Table I. 

Mare B. Welsh pon}?^; age 5 years; weight 460 lb. Commencing on the 
30th day of pregnancy, amounts of blood varying between 200 and 280 ml. 
were withdrawn every 14 days until the 142nd day, when the mare slijiped 
her foal. It is extremely unlikely that abortion was caused by the with- 
drawal of these quantities of blood. Data are given in Table 11. 
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Marc C. Welsli jioii}'; age 0 years; weight about the same as Mare B. 
Bled every 14th day from the 30tli day of ])regnancy. At tlie time of 
maximal activity 1000 ml. of blood were withdrawn and 7 and 21 da,ys 
later 3000 ml. were obtained. Data are given in Table III. 


Table I. Ifare A 


Collection of serum Biologicnl assay 


i 


\ 

t 



— ^ 


Stage of 

Amount 


Amount of 

Weight of 

I.U. per 


prcKnnncy 

of blood 

No. of 

sonim 

ovaries 

litre of 

No. of sample 

(days) 

(ml.) 

rats 

injected (ml.) 

(mg.) 

serum 

Ai 

33 

250 

5 

10 

11 

0 

A, 

47 

1000 

5 

0-26 

29 

69,000 

A 3 

Cl 

1000 

5 

0-25 

C7 

147,000 

A^ 

75 

1000 

5 

0-125 

25 

112,000 

As 

90 

1000 

10 

0-25 

24 

53,000 

A„ 

104 

1800 

5 

0-5 

10 

12,000 

A, 

118 

1000 

5 

2-5 

IG 

2,400 

Ae 

132 

1000 

5 

6-0 

13 

800 



Table II. Mare B 



Collection of blood 



Biological 

assay 



Stage of 

Amount 


Amount of 

Weight of 

I.U. per 


prcffiinncy 

of blood 

No. of 

soruin 

ovaries 

litre of 

No. of sample 

(days) 

(ml.) 

rats 

injected (ml.) 

(mg.) 

serum 

Bi 

30 

250 

5 

10 

12 

0 

B. 

44 

200 

5 

0-25 

23 

48,000 

B 3 

58 

200 

10 

0-25 

83 

166,000 

B 4 

72 

220 

5 

0-25 

99 

186,000 

Bs 

80 

280 

10 

0-25 

71 

136,000 

B„ 

100 

250 

10 

0-25 

26 

61,000 

B, 

114 

270 

10 

1-0 

21 

11,000 

Be 

128 

200 

6 

2-5 

23 

5,000 

Bp 

142 

200 

6 

6-0 

17 

1,500 



Table 

III. Mare 

C 



Collection of blood 



Biological assay 


' 

Stage of 

Amount 


Amount of 

Weight of 

I.U. per 


pteEnancy 

of blood 

No. of 

sorum 

ovaries 

litre of 

No. of sample 

(days) 

(ml.) 

rats 

injected (ml.) 

(mg.) 

serum 

Or 

30 

200 

5 

10 

11 

0 

Co 

44 

250 

6 

0-25 

27 

62,000 

C 3 

58 

200 

5 

0-25 

41 

101,000 

Cl 

C5 

1000 

5 

0-25 

71 

162,000 

Ce 

72 

3000 

5 

0-125 

30 

144,000 

Co 

86 

3000 

5 

0-125 

22 

86,000 

c. 

100 

200 

10 

0-5 

24 

26,000 

Ce 

114 

260 

10 

2-5 

28 

6,600 

Co 

128 

260 

6 

5-0 

21 

2,000 

Cjo 

142 

200 

6 

5-0 

16 

1,000 
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3Iare D. Welsh pony; age 5 years; weight about the same as Mare B. 
Small amoimts of blood were withdrawn at fortnightly intervals from the 
30th to the 151st day of pregnancy except for two large samples of 1300 ml. 
and 2500 ml. which were taken on the 74th and 81st day respectively. 
The serum contained relatively small quantities of gonadotrophin ; 
maximal concentration occurred on the 44th day. It is unlikely that the 
amount of blood withdrawn was responsible for the low ‘peak’ of activity. 
Data are given in Table IV. 

Table IV. Mare D 

Collection of blood Biological assay 



Stage of 

Amount 


Amount of 

Weight of 

I.U. per 


pregnancy 

of blood 

No. of 

aerum 

ovaries 

litre of 

No. of samplo 

(days) 

(ml.) 

rata 

injected (ml.) 

(mg.) 

aerum 

D, 

30 

200 

5 

10 

11 

0 


44 

200 

5 

0-25 

21 

43,000 


00 

200 

5 

0-5 

19 

18,500 

D, 

74 

1300 

5 

1-0 

22 

11,000 

Ds 

81 

2500 

5 

2-5 

IG 

2,400 

D. 

90 

250 

5 

5-0 

12 

0 

D, 

109 

200 

5 

.5-0 

11 

0 

D. 

123 

200 

5 

5-0 

10 

0 

D. 

137 

200 


Not tcated 



D.o 

151 

200 

5 

5-0 

9 

0 


Marc E. Welsh pony ; age 3 years; much smaller than Mares B, C or D. 
Commencing on the 30th day of pregnane}', small amounts (200-300 ml.) 
of blood were withdrawn every 14 days until the 14.'>th day, with the 
exception of one very large bleeding (3000 ml.) on the 75th day. Data are 
given in Table V. The loss of one sample (E.3) on the Gist day of preg- 
nancy made it impossible to assay the senim at the time when the maxi- 
mal concentration of the hormone was expected. 


1 

8 

ion of blood 

Table V. 

Mare E 

Biological 




Stage of 

Amount 


Amount of 

Wrijrht of 

I.C. p*'r 


pregnancy 

of bIoo<i ! 

SV. of 

F»'rum 

ovaries 

htm of 

No. of sample 

(davii) 

(ml.) 

n\t*i 

injfV'tCHl (ml.) 

(m;:.) 



30 

200 

r 

10 

12 

0 

y-, 

44 

200 

r> 

0*23 

o % 

30.Ct»*»0 


fil 

200 


Bolllf' broVrr 

\ in 


•h 

7.5 

3000 


0 2-". 


CA (VV> 


S9 

300 


0 3 

21 


ih 

103 

2<V» 

3 

3 0 

*0 

3,3^* > 

y, 

117 

230 

3 

30 

IS 


y. 

131 

23<1 


Tie*. 



y. 

143 


3 

r.o 




-l/rtre r. WcKh ixmy; .age 9 yc.irs. Daring tb.c of maximal 
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activity 2000 ml. of blood withdrawn weekly. This was followed b}' 
fortnightly bleedings of 200 ml. Data are given in Table VI. 


1’able VI. Marc F 


Collect 

ion of blood 

A 



Biological assay 

_A 



Stage of 

Amount 


Amount of 

AVoight of 

I.U. per 


pregnancy 

of blood 

No. of 

serum 

ovaries 

litre of 

No. of sample 

(days) 

(ml.) 

rats 

injected (ml.) 

(ing.) 

serum 

Fi 

.11 

250 

— 

— 

— 

— 

F„ 

45 

200 

5 

5 

108 

98,000 

Fd 

59 

2000 

10 

0-125 

15 

171,000 

F^ 

00 

2000 

10 

0-1 

24 

128,000 

Fs 

7.1 

2000 

10 

0-25 

24 

51,000 

F„ 

80 

2000 

10 

1-0 

45 

28,000 

F, 

94 

200 

5 

2-5 

27 

0,000 

Fs 

108 

200 

5 

5-0 

20 

1,000 

F„ 

114 

200 

5 

5-0 

14 

900 

Fjo 

122 

200 

5 

5-0 

18 

1,000 

Fn 

129 

200 

5 

5-0 

15 

1,000 


Mare G. New Forest ponj’- ; age O j'ears ; weight 640 lb. Commencing on 
the 25th day of pregnane}' small amounts of blood (200-250 ml.) were 
withdrawn at fortnightly intervals until the 67th day (inclusive). This 
was followed by two large bleedings (3000 ml.) at 81 and 95 days. Data 
are given in Table VII. 


Table VII. 3Iare G 

Collection of blood Biological assay 



Stage of 

Amount 


Amount of 

Weight of 

I.U. per 


pregnancy 

of blood 

No. of 

serum 

ovaries 

litre of 

No. of sample 

(days) 

(ml.) 

rats 

injected (ml.) 

(mg.) 

serum 


25 

200 

6 

10-0 

10 

0 

Ga 

19 

250 

6 

0-26 

10 

? 

G 3 

63 

200 

10 

0-5 

63 

63,000 

G, 

07 

200 

6 

0-25 

34 

84,000 

G 3 

81 

3000 

6 

0-125 

20 

70,000 

Go 

96 

3000 

10 

0-6 

19 

17,000 

G, 

109 

260 

10 

2-6 

21 

4,000 

Go 

123 

260 

6 

6-0 

19 

2,000 

G„ 

137 

200 

6 

5-0 

13 

800 


Mare H. Shetland pony; age about 18 years; weight 500 lb. — this 
animal was very fat. The scheme of bleeding was similar to that for Mare 
F, with the exception that blood was withdrawn at weekly intervals 
throughout until the 111th day of pregnancy. Data are given in Table VIII. 

Summary 

1. Gonadotrophin appeared in the serum of pregnant ponies between 
the 30th and 47th day after ovulation and very quickly reached its 



GONADOTROPHIN IN PREGNANT JMARES’ SERTOI 261 

maximal concentration, which is maintained for a short period between 
the 60th and 75th day. 

2. During this period the serum of a Shetland pony (JIare H) contained 
352,000 I.U. per litre ; that of four of the six Welsh ponies (Mares A, B, 
C and F) between 150,000 and 185,000 I.U. per litre ; that of a New Forest 
pony (Mare G) and that of another Welsh pony (Mare D) contained a 
maximal of 84,000 and 43,000 I.U. per litre respectively. 

3. Gonadotrophin had almost completely disappeared bj" the llOth day. 

Table Vm. Mare H 

Collection of blood Biological assay 



Stage of 

Amount 


Amount of 

IVeiglit of 

I.U. per 


pregnancy 

of blood 

No. of 

serum 

ovaries 

litre of 

No. of sample 

(days) 

(ml.) 

rats 

injected (ml.) 

(mg.) 

scrum 

H. 

45- 

200 

10 

0-25 

20 

37,000 

H, 

55 

2000 

10 

0125 

74 

310,000 

H, 

69 

2000 

10 

005 

29 

344,000 

H. 

76 

2000 

10 

010 

63 

352,000 

Hs 

83 

2000 

10 

0-10 

32 

200,000 

H. 

90 

250 

10 

0-20 

37 

114,000 

H, 

97 

200 

5 

0-25 

45 

112,000 

H. 

104 

200 

10 

0-25 

23 

50,000 

H, 

111 

200 

10 

0-50 

22 

23,000 


4. The results agree very closely with those of Colo [1938] except Hint 
we observed a more rajiid rate of disappearance of the hormone. 

5. Withdrawal of blood to the extent recorded, which was as inucli ns 
19% of the total volume wceklj' for 4 weeks, had no effect on the course 
of pregnancy, nor, so far as can be judged from these experiments, did il 
affect tlic shape of the curve of the concentration of the hormone in tlic 
scrum. 

The authors desire to thank Drs. R. I. N. Greaves and M. van den Endc 
for their kind co-operation in drying the bulk of the serum which was 
collected from the eight ponies. 


RKrKRENCES 

Cole. H. H. [lons]. I'ror. Soc. r-p. Ilto!., S.Y. 38, 1H3. 

Cole, 11. n.. Hnrl. G. H. [1?30]. Ar-.rr. J. /V.yne,’. 93, .-,7. 
n:\y. K. T. [miO]. .1. OTTie. .Vf,. 30. eil. 

Gre.-\vev. 1;. I. N.. .y .\,Uir. M. K. tl'-''''-]- J- H V7-. ^’'3” 39. -Ji:!. 

lUmlntul-. 1. \V.. .V Willi.im-. I’. C. II'.'JIJ. Tu l>e ii-jbl:-!-.-!. 





PERIODIC UTERINE BLEEDING IN SPAYED 
RHESUS MONKEYS INJECTED DAILY WITH 
A CONSTANT THRESHOLD DOSE OF 
OESTRONE 


By S. ZUCKJSRmX 

From the Deparlmenl of Human Anatomy, Oxford 
{Received 25 July 1940) 

When a high dose of oestrone is given dail 3 f to a spayed monkej’^ no uterine 
bleeding occurs until some days after the cessation of the course of treat- 
ment. When a sub-threshold dose is given (about 5 yg. dailv') bleeding 
occurs neither during nor after the period of injections. It was noted in 
previous communications, however, that periodic uterine bleeding, demar- 
cating what are referred to as threshold cycles, occurred in a spaj-ed rhesus 
monkey {M. mulalta) that was being injected dailj^ with a constant thresh- 
old dose of oestrone (lOpg.) [Zuckerman, 1937o, 1938n]. This observ'a- 
tion is of considerable importance from the point of ^new of the problem of 
the endocrine control of the endometrium, and although it represents a 
critical case, corroborative evidence was therefore desirable. The present 
note records a further series of experiments in which similar findings were 
made. 


Experimental 

Fifteen spaj’cd rhesus monkej's were used. Details of these animals are 
given in Table I. 

The ovaries of each animal were examined bj* serial histological section 
to determine whether or not ovulation or marked follicular growth had 
occurred previous to spaj-ing. Those animals marked ‘prepubertal’ in 
lablc I had ovaries which were altogether immature; those called ‘pu- 
bertal ' had ovaries in which pubertal growth of follicles had begun ; tho.=e 
referred to ns ‘mature’ had ovaries which had at some time definitclv 
ovulated. 

All injections were made intramuscularh’, the oestrone being dissolved 
in nrachis oil. The occurrence of vaginal bleeding was determined bv dailv 
vaginal lavage. 


BE-SELTS 

T^^o of the fiftc'.'n nnim.als were given 7-5 /ic. of dailv .at tl.e 

rt-art of the injeetionc. 



264 


S. ZUCKERMAN 


The first (180) was kept 622 days in the experiment. No threshold cycles 
were observed, even though the daily dose was repeatedly varied between 
7jtxg. and 10/ig. 

The second (213) bled 22 days after the start of the injections, bleeding 
lasting 3 days. The further history of this animal is discussed below. 

The remaining thirteen animals were injected daily, from the start, with 
10/Ltg. of oestrone. Ten of the thirteen bled pcriodicall 3 \ The maximum 


Table I. Details of monkeys vsed in experiments 



Days 

Body-Av-t. 

Body-wt. 


Animal 

under 

nt 

at end 


no. 

expt. 

start 

(gO 

of oxpt. 
(g-) 

History previous to present experiment 

78 

376 

2120 

3100 

Prepubertal. No proA'ious treatment 

262 

413 

2450 

3600 

Prepubertal. One phase of oxptl. oestrogenic stimu- 
lation 

241 

85 

2550 

2500 

Prepubertal. One phase ofoxptl. oestrogenic stimu- 
lation. 

220 

483 

3400 

4620 

Pubertal. No previous treatment 

243 

388 

2150 

2940 

Prepubertal. One phase ofoxptl. oestrogenic stimu- 
lation 

233 

100 

4200 

4200 

Pubertal. No proA’ious treatment 

216 

112 

2600 

2940 

Prepubertal. No proA’ious treatment 

447 

310 

2600 

3330 

Prepubertal. No previous treatment 

430 

310 

4020 

6000 

Pubertal. 8 phases ofoxptl. oestrogenic stimulation 

382 

91 

6320 

6400 

Mature. 24 phases of oxptl. oestrogenic stimulation 
after spaying 

217 

498 

3370 

4400 

Pubertal. No proA’ious treatment 

215 

333 

2730 

3320 

Prepubertal. No proA’ious treatment 

213 

179 

4000 

4740 

Mature. No previous treatment 

70 

289 

7100 

7130 

Mature. 13 phases ofoxptl. oestrogenic stimulation 
after spaying 

180 

622 

3960 

4800 

Pubertal. 4 phases of oxptl. oestrogenic stimulation 
oftor spaying 


experimental period in any one animal was 498 days, during which 14 
‘threshold cycles’ were recorded. The minimum was 85 Avith 2 threshold 
cycles. The observations made on these ten animals are analysed beloAV. 

One (70) of the three exceptional animals injected with 10/zg. of oestrone 
showed no sign of bleeding in the first 52 days of the experiment. Its daily 
dose of oestrone was then changed to 7-5p,g., Avhere it Avas kept till the 
101st day. No bleeding occurred during this period or betAveen the 102nd 
and 106th days, Avhen no injections Avere given. Fifteen /Lig. Avere adminis- 
tered daily betAveen the 107th and 166th days. Again no bleeding took 
place, nor Avas any observed betAA^een the 167th and 192nd days AAdien no 
injections Avere given. BetAveen the 193rd and 282nd day, 20yug. AA^ere given 
daily. No bleeding occurred during this period. No further injections AA^ere 
therefore given. Uterine bleeding began 7 days after their cessation. 

No success Avas thus achieAmd in attempts to find the threshold level, in 
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this animal, at which uterine bleeding occurs during the course of oestrone 
injections. 

The second (217) of the three exceptional animals injected with 10/xg. of 
oestrone bled on the 41st day of the experiment, bleeding going on for 9 
days. It bled again on the 167th day, bleeding continuing for 7 da 5 *s. 
These two threshold cycles thus lasted for 41 days and 126 days respec- 
tively. No further bleeding was observed by the 250th day. The animal 
was not injected between the 251st and 260th daj^s. Bleeding began 8 daj's 
after the cessation of the treatment. 

It appeared, therefore, that in this animal lOpg. daily was a supra- 
threshold level of oestrone at which uterine bleeding was unlikely to occur. 

From the 261st day the monkey was therefore given 7'5/xg. of oestrone 
daUy. It bled on the 302nd day, the bleeding, which lasted 8 days, de- 
marcating a threshold cycle of 42 days. No further bleeding was observed 
by the 373rd day, and the animal was again given a rest from injection 
until the 380th day. Bleeding occurred 6 daj's after the cessation of treat- 
ment and lasted 4 days. 

From the 380th day 6'5pg. of oestrone were given dail}'. Bleeding 
occurred on the 416th day, and lasted 11 days, demarcating a threshold 
cycle of 37 days. No further bleeding was observed by the 498th day and 
the animal was therefore withdrawn from the experiment. 

Tlie level of oestrone stimulation at which threshold c 3 ’cles occur thus 
fell progressively in this monkej% the fall being associated with a prolonga- 
tion of the interval between successive bleedings. 

The last of the exceptional animals (215) which was injected daih* with 
10/xg. of oestrone experienced three threshold c^'clcs at tins level of injec- 
tion during the first 198 daj-s of the experiment. Tlicse c^'cles were 32, 67 
and 99 daj's, and the periods of bleeding 11,7 and 6 daj-slongrcspectivch’. 
The second and third cj’clcs were rcspectivch* twice and three times ns 
long ns the first. 

No further bleeding having occurred bj' the 2C0th da\-, injections were 
discontinued until the 2GSth da\-. Uterine bleeding Ixcgan 3 davs after the 
ccs';ation of treatment and lasted 4 davs. 


From the 2r)8th da\- 7-.5/ig. of oestrone were given daih-. Bleoxiing 
occurred on the 300th daj- nnd lasted 5 daj-s, demarratincr n thre^^hold 
CN’cle of 33 daj-.s. The animal was then removed from the oxjKTiment. 

In all OS threshold cj'clcs were observed in the animals inj''''ted with 
10/ig. d.aih-. The meati length of rj-cle was -!3^2-r> davs. Tlii- j-- not 
significantly higher than the moan IcTigth {37^2-1 davs) of the 12.7 n^rmril 
ilu'-us cycles na'orded b_v Oxirncr (1023], but statistical analv-i- shov s •r-i* 


it i 

I yc 


ignificantly gn^atx-r tlian thcme.an lcr.:;th of the Eohm nfirma! 
- . o r, day-) wh.icli v<re .analv.-i-i in .an f ,'irh'<T t nht 
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[Zuckerman, 19376]. These 1,000 eyclcs were compiled from data provided 
by Hartman [1932] on 708 cycles, by Corner [1923] on 125 cycles and by 
Zuckerman [19376] on 167 cycles. The reason for this discrepancy is not 
as yet clear. 

The mean length of the periods of uterine bleeding in the threshold 
cycles was 7 ±0-1 days. 

After threshold cycles had been established, four animals were hypo- 
physectomized through a fronto-temporal approach. Only one of the four 
survived the first week after the operation. This animal (213) lived for 141 
days, during which it experienced one threshold cycle of 49 days on 7'5/ig. 
of oestrone daily. It ipay be noted that threshold oestrous cycles occur 
in hypophysectomized rats [Zuckerman, 19386; Bourne & Zuckerman, 
1941 a, 6]. 

Another spayed monkey (262) in which threshold cycles had been 
established on lOfig. a day was bilaterallj'- adrenalectomized, the right 
adrenal being removed a week before the left. The animal was given 2 mg. 
of desoxycorticosterone acetate daily, in addition to 10/ig. of oestrone, 
after the removal of the first adrenal. It lived 27 days after it had been 
bilaterally adrenalectomized, but uterine bleeding did not occur during 
this period. 


SUIUMABY 

Ten of fifteen spayed rhesus monkeys which were injected daily with a 
constant threshold dose of oestrone experienced periodic uterine bleeding 
during the course of treatment (Avhich varied from 86 to 498 days). The 
mean interval between 68 recorded ‘inter-menstrual’ periods (‘artificial 
threshold cycles ’) was 43d:2*6 days. The mean length of normal menstrual 
cycles in one control series [Corner, 1923] was not significantly lower 
(37±2-l days), although that of a more comprehensive series of 1,000 cycles 
was (33’5d;;0-6 days). One of the remaining five animals experienced an 
artificial threshold cycle after hypophysectomy. The parts played by the 
pituitary and adrenals in the maintenance of artificial threshold cycles are 
discussed elsewhere in relation to observations made on rats [Bourne & 
Zuckerman, 1941o, 6]. 

I am greatly indebted to Professor Hugh Cairns and Mr. J. Penny- 
backer for the help they gave in carrying out the hypophysectomies and 
adrenalectomies. 

The hormones used in these experiments were provided by Dr. K. 
Miescher of the Ciba Company. The animals used were bought with the 
aid of a grant from the Medical Research Council; the work was also 
supported by a grant from the Nuffield Medical Committee, Oxford. 
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THE INFLUENCE OF THE ADRENALS ON 
CYCLICAL CHANGES IN THE ACCESSORY 
REPRODUCTIVE ORGANS OF FEMALE RATS 

By G. bourne 1 and S. ZUCKERMiVN 
From the Department of Unman Anatomy, Oxford 
{lieceived 25 July lOdO) 

Uterine bleeding occurs in spaj'ed monkeys treated witli oestrogens only 
Avhen the intensity of stimulation falls below a certain threshold level. 
Thus it takes place not during, but only some days after, the cessation of a 
course of daily injections of a high dose of oestrone. If the daily dose is of a 
sub-threshold value, it does not occur at all. On the other hand, it occurs 
periodically during the course of dail}’^ injections of threshold doses of 
oestrone [Zuckerman, 1937, 193S<7, 1941], the period (so far as available 
observations allow of any definite conclusion on the point) being slightly 
longer than the normal menstrual period, although of the same order of 
magnitude. A daily ‘ threshold ’ dose of oestrogen thus periodically becomes 
insufficient for maintaining endometrial growth. The obvious inference is 
that rhythmical fluctuations occur in the sensitivity of the uterus to oestro- 
genic stimulation, or that some factor other than the ovaries also exerts 
an influence on the cyclical changes that take place in the endometrium. 

Consideration of what this factor could be led to the working hj^pothesis 
that the adrenal cortex may be responsible both for the persistence of 
uterine cycles in spayed monkeys that are injected daily with a constant 
threshold dose of oestrone, and for cyclical variations in uterine sensitivity 
[Long & Zuckerman, 1937 ; Zuckerman, 1938n]. One suggestion was that 
cyclical alterations in the activity of the adrenal cortex may lead to 
cyclical hydration and dehydration of the accessory reproductive organs, 
and that such changes could determine variations in the responsiveness of 
the organs to oestrogenic stimulation. 

Another possibility is that the adrenal cortex pi'oduces a sub-tlrreshold 
amoimt of oestrogenic hormone itself, the amount produced varying 
cyclically, becoming less, or negligible, at times corresponding to uterine 
bleeding. The amount of effective oestrogen acting on the uterus of a 
spayed monkey injected daily with ‘threshold’ doses of oestrogen would 
thus be the introduced hormone supplemented by the oestrogen produced 
daily by the adi’enals. Either source would by itself be insufficient to 
maintain the endometrium in a phase of growth, and bleeding v'ould thus 
occur at times when the adrenal was not secreting any oestrogen. 

^ Beit Memorial Research Fellow. 
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A third possibility is that the adrenal cortex cyclically produces, at 
times of uterine bleeding, androgenic and/or progestational hormone, and 
that this endogenous hormone neutralizes the effect of the introduced 
oestrogen at those times. Alternatively, such hormone may be produced 
continuously, hut in amounts -which vary cyclically. 

Owing to the difficulty of investigating the problem on monkeys an 
attempt was made to discover whether similar threshold cycles occur in 
spayed rats. When the problem came to be investigated, it was found that 
some information bearing on the question had already been published. 
Kostitch & Telebakovitch [1929] had observed that a vaginal cycle of 
epithelial changes occurs in spayed as well as in normal mice, a prepon- 
derance of mucus, leucocytes and nucleated epithelial cells following each 
other in regular order. An observation more to the point was that of Del 
Castillo & Calatroni [1930], who found that oestrus recurred periodically 
in a group of spayed rats which were injected daily with a constant low 
dose of oestrone. 

This observation was confirmed in a preliminary set of experiments 
carried out on 23 spayed rats of an impure hooded strain [Zuckerman, 
19386]. The individual variation in the level of oestrogenic stimulation 
at which periodic oestrus occurred (demarcating ‘artificial oestrous cj'cles’) 
was from 5 to 15 I.U. of oestrone (given subcutaneously in oil solution at a 
concentration of 10 pg. per ml.), the mean being 8'9 I.U. If too much 
oestrone was given, continuous oestrus was produced. If too little, phases 
of prolonged anoestrus occurred. The modal and maximum duration of 
oestrus in normal rats arc 27 and 81 hour.s respectively [I.iong & Evans, 
1922]. Since the animals used in these experiments were smeared only 
once daily, cycles in which oestrus lasted for 4 days or more were taken to 
indicate that too much oestrone was being given, and were left out of the 
calculations. Cycles of 10 day.s or of longer duration were regarded as 
jihascs of anoestrus, and were also excluded. Such cycles occurred in onlv 
6% of Long A Evans's scries of 1999 observations, and the chance of being 
in error in leaving them out was very slight. 

A total of 203 successive ‘artificial oestrous eyclcs’ was rccortlcd in the 
23 rats investigated in this jireliininary study. The mean eyele-leneth wn'; 
.'>■3 (lays. Tlie mean duration of the normal oestrous cycle of the rat i“ 
.'i-t days [Uing ik Evans], .-Ns in the normal animal, too. the mo-t freijuent 
eyele-!eiu:ths were 4. r> and 0 days. 

Further information bearing on t’ne <)uestion ha*- ‘■inoe l>e<.n jiuMi.h< d 
by Di I’aola [1939]. This uorher injei ted 4 oroup- of,', .sji.iyc^i rat' ea.- !i 
uith 1 *0, ,rU and 2ieo J .1 . t»f <v*'tn'aii(d Ueiroat'* daii\' for t*M da\‘' 
la-'jH'ctively. F.ight control r.its were injected with. <.’1 .alone. 

.Mu'.o't cojitinvioU' (x'-trus uas idorracd in tia- r.it' giv* r. an.d go J f 
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dail 3 ^ TJiosc given 1 I.U. came into oestrus after 2 to 3 daj's, and in each 
there was an average of 9 ocstrons ])linscs lasting from 3 to 8 da 3 \s, during 
tlie 90 daj's of the experiment. Two of tlio animals given 0-5 I.U. daily 
had two oestrous periods in the 90 daj^s, 4 had 4, and 1 had none. 

The first step in the present investigation was to obtain further informa- 
tion about the occurrence of these threshold artificial oestrous cycles. The 
second was to discover whether or not these comics continue in the absence 
of the pituitary’- or adrenal glands, or in the absence of both. 

hlATERTAIi AND hlETIIODS 

Animals 

154 jmung sexually-maturc female white rats, all raised in this labora- 
tory from the same irkbred pure Glaxo (Wistar) strain, and weighing at 
autopsy between 148 and -196 g., were used. Preliminary observations on 
the duration of the normal oestrous C 3 mle were made on 44, 15 of which 
were then adrenalectomized in order to determine the daily amount of 
desoxycorticosterone acetate necessarj' to maintain the animals in good 
health and Avith normal oestrous cycles. 

All but 20 of all the animals were subsequently spayed. Attempts were 
made to establish threshold artificial oestrous cycles in 120. Seventeen 
of the animals in Avhich they were established were subsequently hj^pophy- 
sectomized and 27 adrenalectomized. Six of the hypophysectomized rats 
A\"ere later adrenalectomized. 

Care of animals 

The animals Avere all kept on the same constant diet of rat-cake and 
greens, supplemented tAvice Aveekly AA'ith broAvn bread, milk, liver or meat. 
The animal-room Avas kept at a constant temperatirre of 65° F. 

Injections 

All vaginal examinations and injections Avere carried out at approxi- 
mately the same time each day. The hormones Avere administered sub- 
cutaneously in nut-oil solution. Vaginal changes Avere folloAved by means 
of the lavage method. 

Phases of oestrus occurred periodically in animals given daily doses of 
oestrone varying betAveen 3-75 and 10-0 I.U. The level of oestrone stimu- 
lation at Avhich they occurred Avas significantly loAver Avhen the rats Avere 
given priming doses of oestrone at the time they Avere spayed. Thus the 
average daily dose on Avhich animals given a priming dose of 250 I.U. of 
oestrone periodically came into oestrus Avas 4-107i0-116 I.U. ; Avithout a 
preliminary priming dose it Avas 6-736i0'131 I.U. Priming doses Avere 
given the day after spaying, and the daily injections of threshold doses of 
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oestrone were usually begun four days later. When no priming dose was 
given the daily injections were begun towards the end of the first week 
after spaying. 

Criteria for defining threshold artificial oesiroiis cycles 

As noted above, if a spayed rat is given too much oestrone daily, it goes 
into continuous oestrus. If too little is given, phases of prolonged anoestrus 
set in. In order to find the critical level at which phases of oestrus occurred 
periodically, it was thus necessar}-- to alter the daily dose from time to 
time. Interoestral periods during which it became necessarj^ for one or 
other of these reasons, to alter the daily dose of oestrone have not been 
regarded as ‘threshold artificial oestrous cycles’. These are strictly defined 
as interoestral periods, occurring during the administration of a constant 
daily dose of oestrone, that conform to the criteria which emerge from the 
following considerations. 

The mean length of the oestrous cycle in the normal rat is in the region 
of 5 days (5-4 days) [Long & Evans, 1922]. It is possible, however, 
judging by Long & Evans’s data, for a rat to go through all the phases of 
an oestrous cycle in a period of only 48 hours. Threshold cycles made up 
of a single day of oestrus and one of dioestrus were therefore ineluded in 
our calculations. 

The longest period of oestrus observed by Long & Evans in their series 
of 1999 cj'cles was 3i days. If oestrus continued for more than 3 days in 
our experimental animals, as happened occasionally (without anj* change 
in the daily dose of oestrone) in scries with shorter phases, the cycles con- 
cerned were left out of the calculations. If ncccssarj’ the daily dose was 
then reduced. 

If a period of anoestrus lasting as much as 10 days occurred in a spayed 
animal, it was taken that too little oestrone was being given dailj-, and in 
such cases the daily dose was increased. Consequently, threshold cycles of 
10 days or longer were excluded from consideration in the final results. 

Operations 

All animals were sjiayed by the usu.al dorsal approaeh. 

Hypojihysectomies were carried out by the retropharyngeal approach. 
The hypojihyscetomir.ed rats were weighed daily. .Ml showed a steady 
decline in weight from the beginning to the end of the experiment. At 
autopsy all soft tissue in the hyjKiphy.scal region was removed and serially 
sectioned. No glandular tis.'-iie was found. 

.■\drenalertomies were jv'rfnrm'vi, under ether nnae<-thocir^ th'' jisual 
doi'.al approach. The adrenals were n’moved in tlieir fatty In 

addition to the ronst.atit threshold dos*--; of r>e-tr\ine, th^ adrr-nal'^-tf rr.ired 
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animals were injected daily with 1 mg. of dcsoxycorticostcrone acetate in 
oil. The amount given was determined by control experiments (see below) 
wbicb indicated the daily dose of hormone necessary to maintain normal 
oestroua cycles in rats that bad been adrcnalcctomi/.cd but wbicb retained 
their ovaries. All the adrenalcctomized animals died at varying periods 
after the discontinuation of the dcsoxycorticostcrone treatment at the end 
of each experiment. Each adrenalcctomized animal was carefully examined 
at autopsy, and where necessary b}’’ histological section of the adrenal 
beds, for any accessory adrenal tissue. None was found. 

In addition to the normal diet both b 3 fpopbysectomized and adrenalec- 
tomized animals were given bread, milk and wheat-germ dailj’. 

Methods of statistical analysis 

All our data were analysed statistically’^ by methods outlined by Fisher 
[1932], Means were compared by means of the ‘t’ test. Differences were 
regarded as being significant statistically when ‘P’ was 0-02 or less, i.e. 
when there was less than one chance in 50 that a difference between means 
would attain the observed magnitude if the samples were random ones 
drawn from the same population. 

Experimental 

Duration of oestrous cycle in normal female rats of strain used in this study 

Since interoestral periods lasting for 10 days or more were chosen 
arbitrarily as implying a failure to find the correct threshold level at which 
periodic oestrus occurs, it became necessary to exclude, from the normal 
control data collected for purposes of comparison, oestrous cycles which 
were longer than 9 days, even though their occasional occurrence is a 
normal phenomenon. (They occurred in 17, or 10-76% of 158 cycles in 
normal rats of the strain used in this stud 3 ^ Long & Evans’s series of 
1999 observations they occurred in 9% of cases.) 

One hundred and fifty eight normal cycles were observed in 44 animals. 
The minimum number of cycles observed in any one animal was 1, the 
maximum 9. Excluding 17 exceptional cycles vdiicli were longer than 
9 days, the mean length of cycle in the remaining 141 cases was 
5-227 diO-127 days. In Long & Evans’s series most cycles were of 4, 5 
and 6 days, in that order of frequeney. In ours the order was 5, 4, 6. 
In none of our 158 normal cycles was oestrus prolonged for more than 3 
days. 

Threshold cycles in spayed rats 

Attempts to establish threshold cycles were made in 120 ats. Thirty- 
three or 7-40% of a grand total of 446 cycles were omitted from the final 
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calculations because they ■were longer than 9 days. Periods of extended 
oestrus (also discarded) occurred 59 times (13-22%) in the ■u’hole series 
of 446 cycles. Three hundred and fifty four C 3 '^cles, or 79-37% of the 
grand total, agreed with the criteria defined above, the minimum number 
of cycles followed in any single animal being 1, and the maximum 6. 

The mean length of 354 threshold cycles was 4-811±0'108 days. Statis- 
tical analysis shows that the difference between this mean and the mean of 
the control series of normal oestrous cycles is not significant (diff. = 0-416, 
n = 493, I = 2-206, P lies between 0-05 and 0-02). 

On the other hand, analysis shows that the mean length of threshold 
cycle in the present series of animals is significant!}' less than the mean 
figure in the preliminary series that Avas studied (diff. == 0-514, n = 557, 
t = 2-896, P = less than 0-01) [Zuckerman, 1938b]. This difference is 
probably explained by the fact that the previous set of observations Avere 
made on an impure strain of hooded rats, AA-hereas the present observations 
AA-erc made on a pure strain of Glaxo (Wistar) rats. 

In the case of the monkey, the periodic occurrence of uterine bleeding 
implies that the threshold daily dose of oestrone becomes too Ioaa* at such 
times to maintain the endometrium in a phase of groAA-th. In the case of 
the rat, the occurrence of cyclical oestrus implies that tlie effect of the 
constant daily threshold do.se of oestrone becomes greater at such times, 
for any of the reasons detailed on pp. 268-9. The only alternative to the 
possibilities that have been suggested is the very unlikely hypothesis that a 
tlircshold amount of oestrone injected daily has a cumulative effect in the 
body, tlic peak of action occurring CA-cry Ha-c days in a rliA-thm correspond- 
ing to the normal oestrous cycle (the corresponding rhythm in the monkey 
being ajiproximatcly that of the menstrual cycle). If such an explanation 
Avcrc resorted to, it immediately rahes the problem of the sj)ccic.s difference 
in periodicity of thre.sbold cyclc.s. Tliis hypothe.sis also implies that in the 
ease of the rat, the concentration of the injected oestrone rises in the bodv 
until it exceeds a thix-sliold at which the vaginal mueo-.a rcsjKmtL, anrl 
that tlie concentration tlien falls ns a re.sull of tlie utili.Aation of the 
hormone, to rise again in nnittber 5 days. Tliis fonnnlation of the 
jiroblem merely u-states the is-ne in terms of the question. Iioav do bodilv 
factors governing the .storage. dcstrAietion and cxcrf'tion of the liorinonr- 
in till- rat o]>er;ile in a cycle com-.-i'onding to the norni.a! ."-(i.av (-'-•rou- 
. A . Ic V 

\Vliat<'Vcr be the exjtlan.trion. tb.f fast ib.a'. o'-tni- o , nr- in a c vb- of 
appToMinatcly day;, in r.At- which atv >:i\cn a i d lilv •! . f 

oe-ttonc inde .a*,c-. tlia; r.ine- f.;i *..ir other t’.'' o-,,'!;.- • >..■ , . 

rr.( d in t la- lae it I of nl t l.c , V( !;• .tl ( h itii:'- *•. hi h t . • ; - - ■ n. ;. 

the ;nl^•.-.':y nqt" ii;, • c 



274 


G. BOURNE AND S. ZUCKERMAN 


Threshold cycles in hypophysectomized rals 

It is generally agreed that the anterior lobe of the pituitary does not 
exert a direct hormonal influence on the accessory reproductive organs, 
but that it exerts its effects indirectly by way of the ovaries. Tlius oestrous 
cj'^cles cease in hypophysectomized rats. On the other hand, it is con- 
ceivable that the anterior lobe has n direct or indirect influence on the 
general metabolism, or on the water metabolism (by way of the adrenal 
glands) of the accessory organs. It was consequently of interest to dis- 
cover what effect hypophysectomy has on the occurrence of threshold 
artificial oestrous cycles. 

In a previous set of experiments [Zuckerman, 1938c] carried out on 8 
spayed rats it was found that threshold cycles continued after removal of 
the pituitary. The cycle did not alter significantly in length, but the 
threshold level at which it showed itself was consistently lower than in 
control animals which had only been spaj'ed (a mean of 4 I.U. of oestrone 
daily as compared with the mean of 8-9 I.U.). When the injections were 
continued at the same level as before, 5 of 8 other rats in which artificial 
cycles had previously been established went into, and remained in oestrus 
during the survival period following the operation. 

In the present study an attempt was made to establish threshold cycles 
in 17 spayed Glaxo rats after hypophysectomy. The attempt was success- 
ful in every case, and a total of 98 cycles, or 89-09% of a grand total of 110 
interoestral periods agreed with the criteria which were decided upon as 
characterizing a threshold artificial cycle. The average number of days 
each hypophysectomized animal was kept under observation was 42, the 
range being 15 to 63. The minimum number of cycles recorded in any one 
animal was 2, and the maximum 10. There were only 4 cycles longer than 
9 days (3-64% of the whole series), and 8 cycles in which oestrus con- 
tinued for more than 3 days (7-28% of the whole series). These were 
excluded from the final calculations. 

The mean length of threshold cycle after hypophysectomy was 4-694dr 
0-177 days. Statistical analysis showed that this mean is not significantly 
less than the mean for threshold cycles in rats that had only been spayed 
(diff. = 0-117, 71 = 450, t = 0-520, P = 0-6). The mean duration of thresh- 
old cycle in the hypophysectomized rats proved, however, to be signifi- 
cantly less than the mean length of the normal cycles in our control series 
(diff. = 0-533, n = 237, t = 2-516, P lies between 0-02 and 0-01). 

In the preliminary set of experiments the mean daily dose of oestrone 
on which spayed hypophysectomized animals underwent threshold cycles 
was lower than the dose on which animals that had only been spayed 
experienced cycles. In the present set of experiments the threshold for 
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cycles -was the same before and after h 5 Tpophy 6 ectomy in 10 of the 17 
animals. It was higher in 3 and lower in 4. The mean for the whole series 
was the same before as after removal of the pituitary (4-265 I.U. daily). 

Threshold cycles in adrenaledomized rats 
In every mammalian species that has yet been tested complete removal 
of the adrenal glands leads to cessation of the oestrous cycle and death 
[see Grollman, 1936]. Bilateral adrenalectomy in the rat is occasionall 3 ' 
not followed by death, presumably because of the existence of accessorj- 
adrenal tissue, and in such cases oestrous cycles continue. Similarly, if 
adrenalectomized rats can be kept alive on salt, the cycle may proceed 
normally [Kutz, McKeov-n & Selye, 1934], Completely adrenalectomized 
animals maintained in good health by treatment with extracts of the 
adrenal cortex, or v-ith desoxycorticosterone, also have normal repro- 
ductive functions. 

In order to find out whether threshold oestrous cycles occur in spaj-ed 
rats after adrenalectomy, it was first necessarj' to determine what amounts 
of desoxycorticosterone acetate are required to maintain adrenalectomized 
unspayed rats in a healthy condition in which oestrous cj-^cles proceed 
normally. 

Fifteen normal rats whose oestrous cj'cles had been followed for varying 
periods were accordingly' adrenalectomized and given either 0-5, 1-0, or 
2-0 mg. of desoxycorticosterone acetate. Normal oestrous cycles con- 
tinued in all the animals. The minimum number followed in any one 
animal was 2, and the maximum 5. The mean duration of 50 cycles was 
5-700±0-259 daj's. Analysis showed that this mean is not significantlv 
greater than the mean of the HI normal cycles in the control series 
(diff. = 0-473, n = 189, i ~ 1-801, P lies between 0-1 and 0-05). 

Having eslabli.shed the amount of de.soxycorticostcronc acetate neces- 
sary to maintain oestrous cycles in an adrenalectomized but unspaved rat, 
27 spayed animals in whom threshold cycles had been established were 
adrenalectomized and given, in addition to their daily threshold dose of 
oestrone. a daily maintenance dose of 1 mg. of desoxycorticosterone 
acetate. Tlie average period these animals were kept under obsorv-ntion 
was 42 days, the range being 8 to 86. 

In only 4 of the 27 animals was it possible to cstablisb a series of more 
tlinn 2 thrcsliold cycles (a tot.al of 19 cycles in all). The n-maimh-r eith'-r 
failed to come into wstnis at all. or exjH'riK-:ic<.'d prolonged j>*'rj'vlc of 
diw-tnis or, vhen the daily do'e of o^strcine was mi-s-d, of oe-triis. Or-'-a- 
si(ma!!y an int*'nvestr.'d p'riod which ngnt-d with thf- e.rit'^ria deiir.''-! above 
was (di'i-rved. Thert- were 21 ]x-ri<vds of cxten'h-'l in hiri'i 

attcmjils to brir.it tb.e animals into oestrus by altr.-ir:*' the cai’v rf 
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oestronc within threshold range failed; 16 thresliold eycles in wliich the 
I^oriod of oestrus was prolonged for more than 3 days; and 17 threshold 
C 3 ’^elos whieh were longer than 9 daj’^s in duration. 

In the wliole series of 99 there were onlj' 45 interoestral periods (or 
45-45% of the total) which agi'ccd with the criteria which a threshold 
cycle has been defined. Tlicsc have been anal^'sed statistical!}’- even though, 
as noted above, the majority represent occasional cycles occurring in scries 
with periods of extended oestrus or extended dioestrus. 

The mean duration of these 45 cycles was 5-400^: 0-303 days. Analysis 
shows that this mean is not significantly longer than that of control 
threshold cycles in animals which had only been spayed (diff. = 0-589, 
n = 397, t = 1-835, P lies between 0-1 and 0-5). It also showed that the 
threshold cycle in adrenalectomizcd rats was not significantly shorter 
than the ‘normal’ oestrous cycle in adrenalectomizcd unspayed animals 
(dilf. = 0-300, n = 93, t = 0-756, P lies between 0-05 and 0-04). 

Twelve of the 27 spayed adrenalectomizcd animals had undergone 
threshold cycles before the removal of their adrenals. The level of oestro- 
genic stimulation at which occasional cycles appeared after adrenalectomy 
remained the same in only 4. In the remaining 8 the daily dose of oestrone 
had to be raised. In general it seemed that more oestrone is necessary to 
stimulate oestrus in an adrenalectomizcd rat than in one possessing its 
adrenals. 

This observation does not agree Avith other jAublished information. 
According to Sclnvabe & Emery [1939] total adrenalectomy does not affect 
the minimum dose of ‘theelin’ required to produce oestrus in a spayed 
rat. The discrepancy in this case may be due to the fact that theelin, an 
extract, Avas used in their experiments and oestrone in ours. Di Paola’s 
[1939] observations led him to the vicAV that adrenalectomized spayed rats 
are more sensitive than spayed rats to oestradiol benzoate, less being 
required to bring them into oestrus. His report suggests that after 
adrenalectomy animals injected daily AA’ith 1 I.U. of the hormone AA’ent 
into continuous oestrus and no longer experienced threshold cycles, AA'hile 
animals which on 0-5 I.U. had only occasionally, or neA’-er, come into 
oestrus, showed an oestrous reaction. In no case apparently did he obserA’-e 
threshold cycles Avhich accord Avith the criteria defined in this paper. In 
this case the discrepancy may be due to the fact that an ester of oesti-adiol, 
Avhich is more sloAA’ly utilized than oestrone, Avas used. 

Our OAA’n findings shoAV that it is difficult to establish threshold cycles in 
spayed rats after adrenalectomy, in spite of the administration of an 
amount of desoxycorticosterone that maintains reproductiA’-e function in 
unspayed rats, and agree Avith the results of a preliminary series of experi- 
ments [Zuckerman, 1938c]. In this preliminary study 7 spayed rats in 
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which a series of successive threshold cycles had been established were 
adrenalectomized and given a maintenance dose of cortical hormone daily, 
oestrone being administered as before. Cycles continued in only 3 of the 
animals, but were more prolonged than normal. Repeated attempts to 
establish cycles in the others by varying the dose of hormone given daily 
were unsuccessful. 

It follows from all these experiments that the occurrence of threshold 
artificial oestrous cycles in spayed rats is in some way dependent on the 
normal functioning of the adrenal glands. 

Threshold cycles in adrenalectomized-hypophyseclomized rats 
In the preliminary series of experiments [Zuckerman, 1938c], 3 h3^po- 
physectomized animals in which cycles had preriousl}' been established 
were adrenalectomized and then injected dailj', like the animals in the 
previous set of experiments, with a maintenance dose of cortical hormone 
and with the usual threshold dose of oestrone. Attempts to continue the 
cycles were unsuccessful. Anoestrus or phases of prolonged oestrus made 
up the survival period after the operation (up to 24 daj-s), in spite of 
varying the dail}’- dose of oestrone. 

Six further animals were treated in the same wa}* in the present set of 
experiments. The results were identical. The first rat, in which regular 
threshold c3'clcs had been established after h3'pophyscctom3’, failed to 
come into oestrus for 10 da3’s after the removal of its adrenals. The dail3- 
dose of oestrone was then raised from 5 to C-25 I.U. Oestrus occurred on 
the 7th da3’ after this change and continued for 2 da3’s. It reappeared 
after an inter\’nl of 1 da3', and the animal then went into dioestrus for a 
further period of G da3'8. The daiU' dose was nccordingh' raised to 7-5 I.U. 
Oestrus occurred G da3-s later, and lasted 1 da3-. It was succeeded b3- 5 
days of dioestrus, which in turn were followed bv 7 of oestrus. The animal 
was found dead on the 43rd dn3' after the removal of its adrenals. 

'I'lie histor}’ of a second animal in this scries was vcr3’ similar. In the 
remaining 4 animals attempts to establish c3'clcs failed complctolv. 

Discr.ssioN 

.Suflirient' information is now available to make it clear that wlicn kept 
at a critical and constant threshold level of oestrogenic stimulation, spaved 
rats come into wstnis in jx-riotL that eoiTe<=pond to the normal fx-o.ronu 
evrle. SiiK'c the amount of oe-trone given dail v dnri!i;: Ih'' elicit. at ion of 
these thn'shold nrtiticial (>e'tnins r\Tles j; coti'-tatit, it !■= <ibviot:e th.at 
under th.e'c t'onditiou'i some internal Iwwlilv f,\(tf<r regiilate- tl.e j.' riivlie 
rc'jvin-e of the :ii\-s'..-or_v rej’n^iiictive or-*an‘. The c>v.iri' o .ntr lie i l.v 
the anterior lobe (,f the pitn!t-'ir 3 ', an- gt ;-..-r.a!!v rer-ir-h 1 * .‘/Iv rv<ti r- 
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sible for the cyclical changes which take place in the accessory organs 
during the normal cycle. They cannot, however, he responsible for the 
cj’^clical changes which occur in spayed animals, and it would therefore 
seem that normally some extra-gonadal factor also exercises a periodic 
effect upon the mucosa of the accessory reproductive organs. 

Since threshold artificial c3'clc3 continue in spayed rats after hypophy- 
sectomy, the pituitary can neither be involved directly in this extra- 
gonadal control of the acccssor^’^ organs, nor indirectlj" through the general 
endocrine and metabolic disturbances which occur after its removal alone. 
Involution of the adrenals is one of these disturbances. The adrenals, 
however, remain sufficiently functional for hypophyscctomizcd animals 
to live in good health for relativeljf long periods. It is thus conceivable 
that they constitute the factor responsible for the maintenance of thresh- 
old artificial cycles in spayed animals both before and after removal of 
the pituitary. 

This conclusion is supported b}’^ the fact that when the adrenals are 
removed, the experimental elicitation of threshold cycles becomes ver}' 
difficult, although they ma}^ still continue in some animals. The faet that 
they do, even when the deficiency effects of the adrenalectomy are 
corrected by a constant daily dose of desoxycorticosterone acetate, makes 
the problem difficult to interpret. From one point of %aew these excep- 
tional cases could be regarded as critical, for the continuation of cycles 
in even a few adrenalectomized animals suggests at first sight that the 
influence of the adrenals cannot be specific in any of the three ways 
defined in the introduction to this paper (pp. 268-9). 

On the other hand, it must be remembered that a succession of threshold 
artificial cycles could be elicited in only 4 of our 27 adrenalectomized 
animals. In spite of the fact that no accessory adrenal tissue was dis- 
covered at autopsy or by microscopic examination of the adrenal beds, it 
is conceivable that such tissue was actually present in these 4 rats. 
Whether or not this be the explanation for the exceptional cases, what is 
more significant than the fact of their occurrence is the observation that 
threshold cycles could not be elicited in the majority of our adrenalecto- 
mized animals. Such being the case, it is reasonable to suppose that the 
adrenals either have a specific influence on the accessory reproductive 
organs, or that the changed behaviour of these organs after removal of the 
adrenals is merely one of many ‘non-specific’ symptoms of adrenal in- 
sufficiency. 

In so far as our adrenalectomized animals were provided daily with 
ample quantities of desoxycorticosterone acetate to preserve them in good 
health, it is difficult to accept this latter view. They showed no obvious 
sign of insufficiency, nor any toxic symptoms resulting from their daily 
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injections of oestrone — although oestrogens are knon^-n to be toxic to 
adrenalectomized mice and rats [Cramer & Homing, 1939; Selj-e &; 
Masson, 1939], This may have been due to the very small amounts of 
oestrone they were given. Alternatively, it may have been due to the fact 
that they had been given oestrone before their adrenals were removed, for 
Cramer & Homing point out that mice which are pre-treated vith oestro- 
gens before adrenalectomy are able' to resist the toxic effects of injected 
oestrogen, a finding which Sclye & Masson regard as indicating an adapta- 
tion similar to the ‘stage of resistance’ in the ‘alarm reaction’ defined 
earlier by .Selye [1937], In any event, preliminarj" observations which we 
have made show that oestrogens are not toxic in adrenalectomized animals 
that are kept in good health by means of desoxycorticosterone. 

The usual failure to elicit threshold artificial cj’cles in spayed rats after 
adrenalectomj' can hardly be taken, therefore, to represent a generalized 
and non-specific effect of adrenal insufficiency. As alreadj- seen, however, 
threshold cycles are even more difficult to elicit in hjTiophysectomizcd- 
adrenalcctomizcd animals than in animals which arc only adrcnalccto- 
mized. This fact suggests that apart from what seems to be a specific effect 
of the adrenals on the accessory organs, the occurrence of threshold cycles 
is influenced by the effects which the pituitarj’ has upon the endocrine 
system generally — in spite of the fact that hy])ophyscctomy alone does 
not influence the threshold cycle. This conclusion can, however, only be 
stated tentatively, in so far ns the number of cases on which it is based 
is small. 

Observations reported in the following paper show that the adrenal 
glands of spayed rats fluctuate in size during thrc.«hold cycles. Since it is 
likely that the inhil)ition of the cycle after adrenalectomy is a specific 
effect, the question which arises at this point is whether the adrenals 
influence the accessory reproductive organs directly, or whether thev do 
so through the medium of some other endocrine organ. 

Consideration of the available evidence sugeests that they do not exert 
their influence indirectly. Thus it is plain that their effects are mediated 
neither through the ovaries nor through the pituitary — since threshold 
cycles continue after the removal of both. One of the rcm.aining po‘-i- 
bilities is that they exert their effects on the reproductive system throucli 
the thyroid. The evidence, however, is against thi^^ the=i-. The thvroid, 
although Jiot C'-scntial for rcprcxluetion in animals, undotibt'wHv has 
efTect on rci'roductivc function [Reiss IVnmv. 192''; Ix'-onnni, 19 .’!'',; 
Zalcsky vV \V<-lls. 19:17 ; Benoit. 19371. On tlie other hand. r,v.ai!*ihh- 
cviilcTiec' d<H-s not s'.jgi’cst th.at th.'* adrenal* .and thvndd int' ro'‘t *rv i:!- 
c.ally or intimately [Grolhr.nn, 193''>]. M.anv r-hs-rvir- l.avc 
th.yo'id over activit v .afi^ r atlnmalcrtoniv, and oth* :- Th<-v: A 
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U3^1clei’fc, 1937] thyroid inactivity. According to Grollnian, temporary 
over-activitj'^ is probably a rcflc.v cflect of the trauma of tlic operation, and 
not due to dysfunction of tlic adrenals. Under-activity, according to 
Dessau & Uyldert, is due, not to diininislied responsiveness of the thyroid 
to thjTotrophio liormone, but to diminished secretion of tliat Jiormone 
by tlie pituitarJ^ WJiatever be the true faets and eorrect c.vpianation, it is 
obvious that there is no evidenee vdiich suggests any specific connexion 
between the th 3 'roid and adrenals on the one hand, and between the 
thyroid and accessory reproductive organs on the other. 

The last obvious possibility of indirect hormonal action is that the 
adrenals exercise their influence on the accessor 3 ’’ reproductive organs b 3 f 
way of the thymus. The activit 3 '- of the th 3 ’mus is linked in some wa 3 ’’ 
with that of the reproductive S 3 'stem. The gland normally decreases in 
size after puberty, while gonadcctomy in young animals leads to thymic 
involution [Nelson, 1939]. Furthermore, the administration of oestrogen 
or androgen leads to a decrease in the size of the organ [Ina 3 ’- & Thompson, 
1938 ; Selye & Masson, 1939 ; Levie, U 3 ddert, &. Dingemanse, 1939 ; Cramer 
& Horning, 1939]. There is also a definite relation between the th 3 Tnus 
and the adrenal glands. Thus it is knonm that excessive muscular exercise, 
or the administration of noxious stimuli, leads to enlargement of the 
adrenals and atrophy of the thymus, and that atrophy of the thymus 
does not occur under these conditions after removal of the adrenals 
[Leblond & Segal, 1938], The thymus ma 3 ’' in fact increase in size after 
adrenalectomy [Cramer & Horning, 1939]. The onl 3 ' agents knowm to 
cause thymic involution in rats, in the absence of the adrenals, are adrenal 
cortical hormone, oestrogenic hormone, and androgenic hormone [Selye & 
Masson, 1939], According to Cramer & Horning, however, th 5 Tnic involu- 
tion either does not result from oestrogenic treatment, or is very diminished, 
after adrenalectomy. Tliis conclusion is not accepted by Setye & Masson, 
but neither they, nor Cramer & Horning, provide the quantitative data 
which allow any decision on this point. 

All these observations suggest the existence of some physiological 
interaction between the adrenals, the thymus and the sex hormones. 
There is no evidence, however, that the thymus has any influence on the 
accessory reproductive organs themselves. In the circumstances, it is idle 
to speculate on the possibility that the adrenals exert their periodic effects 
on these organs indirectly by way of this gland. 

By exclusion, and in the absence of contrary evidence, it must there- 
fore be tentatively concluded that the influence of the adrenals on the 
cyclical changes which occur in the accessory reproductive organs after 
spaying is a direct one. The paper which follows accordingly analyses in 
detail the changes that take place in the adrenal glands during the 
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necessary to stimulate oestrus in ndrcnnlcctomixcd rats than in rats 
possessing their adrenals. 

G. Six spa3'cd-h3'pophyscctomizcd rats were adrcnalectomizcd. At- 
tempts to establish artificial thrc.shold cycles in these animals failed com- 
pletely. 

7. Consideration of the evidence suggests that tiie elicitation of arti- 
ficial threshold ocstrous C3mlcs is dependent on the })rcscnce of the adrenals, 
and that their influence on the C3mlical changes which occur in the acces- 
sory reproductive organs is a direct one. 

Our best thanks arc due to Dr. E. Biilbring for her help in performing 
the h3fpoph3'sectomics. For the hormone used in these experiments we are 
much indebted to Dr. K. Aliescher of the Ciba Compan3^ The animals were 
bought with the aid of a grant to S. Z. from the Aledical Research Council, 
and the work was also supported by a grant from the Nuffield Aledical 
Committee, Oxford. 
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CHANGES IN THE ADRENALS IN RELATION TO 
THE NORMAL AND ARTIFICIAL THRESHOLD 
OESTROUS CYCLE IN THE RAT 

By G. bourne^ asd S. ZUCKERilAX 
From the Department of Human Anatomy, Oxford 
{Received 25 July 1940) 

The knowledge that the ovaries are the organs mainlj' responsible, or as is 
generally believed, entirely responsible for the control of the cyclical 
changes which occur in the accessory reproductive organs is based upon 
three sets of observations; (i) those which show that ovariectomy is 
followed by the apparent cessation of all cyclical activity in the accessor}- 
organs ; (ii) those which show that the phases of the ovarian cycle are 
correlated wth the cycle of changes that ta.ke place in the accessor}- repro- 
ductive organa ; and (iii) those which show that the latter changes can be 
reproduced in spayed animals by the administration of ovarian hormones. 

The view that the adrenal cortex is also concerned in the control of the 
cyclical changes to which the accessor}- reproductive organs are subject 
is so far based entirely on the fact that threshold artificial oestrous cycles 
[Bourne & Zuckerman, 1941] cannot, as a rule, be elicited after adrenalec- 
tomy. Further evidence that the adrenal cortex is concerned is provided 
by obsciA-ations, analysed below, which show that the adrenal corte.x 
undergoes cyclical changes in spayed animals in period with the phases of 
the threshold artificial oestrous cycle. 

The fact that the adrenal cortex undergoes such changes in the normal 
oestrous cycle is already known. Stilling [189S] noted that tlic adrenals of 
frogs arc enlarged at the time of ovulation. Kolmcr [1918], again, obser\'cd 
that the adrenal of the mole enlarges during the mating season, while 
Riddle [1923] noted adrenal enlargement in pigeons at the time of ovula- 
tion. Enlargement of the cortex during oestrus in the mouse was obscr\-ed 
by Masui & Tamura in 1920 (although neither Howanl-Millcr [1927] nor 
Deanesly [1928] were able to find that the histolog}- of the cortex varies 
during the cycle). In a detailed study of the rat Andersen fc Kennedv 
[1932] were able to show that the adrenal cortex, but not the adrenal 
tuedulla, enlarge-^ significantly <luring oestrus. Acconling to the.-e workt n- 
the cells of the rona fasciculata and of the cell n^-sts adjac-ent to the 
tucshdla enlarge at that time and contain an inerc.Tse.l amount of liIv^i-5 
which st.ain-J pale pink with .''liarlaeh R. Tiiey abo point otit that altheurh 
the evidencf' indicate-^ a la'lnti-m lie;-,vceo th.e .•'.drx'r.a! e-'rtex .ar d 
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oostrous changes in tlie reproductive organs, there is no evidence vliicli 
shows that this represents a specific causal relationship. Grollnian [I93G] 
in reviewing the evidence suggests, however, that since ‘the reproductive 
cycle is accompanied such profound changes in the general activity of 
the body as a whole, one need not attribute an}'- specific imi)ortancc to the 
changes occurring in the adrenal cortc.x. Such changes may be looked upon 
merely as a rcficction of increased bodj-- activity requiring among other 
things an hj'perfunction of the adrenal cortex.’ The basis for this far- 
reaching opinion is not indicated. 

Changes in the adrenals in relation to the rejiroductive cycle have also 
been reported in the Thirtecn-Lined Ground-Squirrel {Citclhis iridccem- 
lincatm) [Zalesky, 1934]. Cortical hj'pertrophy occurs in both the male 
and female of the species during the breeding season, or during anoestrus 
as a result of stimulation of the gonads by means of gonadotrophic 
hormone. ‘Histologically, this cortical Jij'^pertroph}’- is associated mainly 
Avith the expansion of the reticular zone and the differentiation, within it, 
of a characteristic, highly developed outer sub-zone termed “reticularis 
A’’.’ Changes in cell type in the adrenal glands also occur during the 
oestrous cycle of ewes [Nahm & McKenzie, 1937], but it is not reported 
whether the glands fluctuate in total size during the cycle. 

In a preliminary study [Zuckerman, Bourne & Lewes, 1938] it was 
established that changes similar to those that occur in the normal oestrous 
cycle take place in the adrenal glands during threshold artificial oestrous 
cycles. In this study threshold artificial c 3 mles were established in 38 
spayed rats. The adrenal glands Avere remoA^ed from half of these animals 
during oestrus, and from the other lialf during dioestrus. It aa'us found that 
the oestrous adrenals Avere significantly’- larger than those removed in 
dioestrus. These preliminary observations suggest strongly that the 
cyclical changes Avhicli occur in the adrenal glands of the normal rat are 
not merely a reflection of the rhythmical changes AAdiich take place in the 
ovaries. 

The experimental observations reported beloAV Avere designed to provide 
a test of these preliminary observations, and to analyse the adi’enal 
changes in closer detail. 


Matebiai, and Methods 

Animals 

The animals used in the present study Avere the same 154 inbred pure 
Glaxo rats which formed the basis of our study of the threshold artificial 
cycle [Bourne & Zuckerman, 1941]. Of these animals, details of which 
have already been given, 3 groups of 20 each Avere used for making obser- 
vations on changes in the adrenals. The first Avas used for making observa- 
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tions on the size of the adrenal in normal oestrus (10 animals) and normal 
dioestrus (10 animals). The second was used for making observations on 
the adrenal gland in the oestrous (10 animals) and dioestrous phases (10 
animals) of threshold artificial oestrous cycles. The third group was used 
for making observations on the size of the adrenals 15 days after spajmg 
when large doses (50/xg.) of oestrone were given daily during the post- 
operative period (10 animals) and on adrenal-size 15 days after spaying 
when no treatment was given (10 animals). 

Measurement of adrenals 

All adrenals were removed at the same relative times during oestrous 
and dioestrous phases (either on the first day of oestrus or on the second 
day of dioestrus). 

After their removal the adrenals were carefully freed from surrounding 
fatty tissue and rapidly weighed on a torsion balance. They were then put 
in Bouin’s fluid for 24 hours, and after fixation were serially sectioned at 
lOp. and stained with haemalum and eosin. 

The outlines of every 10th section were drawn with the help of a pro- 
jcctoscope at a linear magnification of 22 diameters, the boundary line 
between medulla and cortex being indicated. The areas of medulla and 
cortex in each section were then measured by means of a planimeter. The 
volumes of the cortex and of the medulla were estimated from the formula 

_S planimeter readings X 100/x _ 

“ 22 - 

The separate weights of the cortex and medulla in each gland were 
estimated, on the a.ssumption that the specific gravities of the two arc not 
significantly different, by fractionating the total weight of each gland 
according to their volumes. 

It may be noted that similar methods for determining adrenal volumes 
have been used by previous workers. An identical procedure was followed 
by ZalcsUy [1034], Andersen Kennedy (1P32) cut their sections at .5p 
and estimated adrenal volumes from nieasurementsS of the amas of everv 
loth section. Deanesly [1P31], before ndojiting an even more simjilified 
technique than our own for estimating relative changes in arlrenal volume, 
mcasuretl every other section. .Mi the.'e mcthrvls have jirovetl adequate 
to demonstrate variations which occur in the sire of the ndrtmals. 

The separate volumes of the 3 cortical rones in each adrenal ghir.d {rona 
glumerulo--a. rona fasciculata and rona reticularis) nen- determined in th'- 
follow inn nay. 'I’hat section of each .adnmal in vkirfi th<- mavimum 
amount of medulla was prs'S'-nt w.as <irawn hv n-.i-.an.s ..f a tf-' si.,.. 

a magnification tof -tt-T linear diatn-t*’r.') :.t wh.ieii th*' 3 
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■were elcnrly demarcated (the exact line of demarcation between fasciculata 
and reticularis was sometimes indistinct). 'J’lic areas of these zones were 
then measured hy means of a planimctcr. The volumes of the separate 
zones were then estimated hy means of the formula 

volume of sphere = ^ 

O 


where a is the area of an equatorial section of a sphere. 

The volumes of medulla together with the zona reticularis, the medulla 
together with the zona reticularis and the zona fasciculata, and the 
medulla Avith all the three zones of the cortex, were separately calculated 
hy means of this formula. Subtraction of each volume from the other 
gave an estimate of the volume of each zone. 

This method assumes that the adrenal and its zones can he regarded as a 
series of concentric spheres. This assumption is, of course, incorrect. An 
estimate of the error was provided hy comparing the calculated volumes 
for the Avhole adrenal and medulla with the observed volumes as deter- 
mined by measurement of the serial sections. Discrepancies were in a few 
cases large, hut nevertheless, as shown in a later section, the method did 
make it possible to indicate changes Avhich occur in the size of the three 
zones but which could not he measured directly. 

Methods of statistical analysis 

All our data Avere anal^'^sed statistically hy methods outlined b}*^ Fisher 
[1932]. Means Avere compared by the t test. Differences AA^ere regarded 
as being significant statistically Avhen P Avas 0-02 or less, i.e. AAdien there 
Avas less than one chance in 50 that a difference betAA'een means Avould attain 
the observed magnitude if the samples Avere random ones draAATi from 
the same population. 


Experimental 

Body-weight 

At the beginning of the experiment all the animals Aveighed about 140 g. 
They grew at different rates, presumably and partly at least, as a result of 
the different treatments received, and at autopsy Aveighed betAveen 148 
and 196 g. 

Body-AA"eight did not differ significantly in the oestrous and non-oestrous 
animals of each experimental group (Table I). The greatest difference 
(8-6 g.) in any one group is betAveen the mean body-AA'eight of the spayed 
animals injected Avith a large dose of oestrone daily for 14 days after 
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spaying and that of the ten spayed animals -n-hich -were given no treatment 
and autopsied 15 days after removal of their ovaries. The difference is not 
significant statistically (n = 18, t = 1-397, P = almost 0-2, i being 1-330 
■when P is 0-2). 

It -will be noticed, however, that although not significantly different, the 
mean weight for the oestrous animals in each group is less than the 
mean weight for the dioestrous or anoestrous animals. This agrees -n-ith 
the now -vvidely recognized fact that removal of the ovaries and of the 
influence of the ovarian secretions leads to an increase in bod^'-weight in 
rats [e.g. Slonaker, 1930; Freudenberger & Billeter, 1935; Blumenfeld, 
1939]. Further evidence that spaying has this effect is indicated by an 
analysis of the body-weights of our animals, which were all gonadectomized 
after sexual maturity had been reached. 

Table I. Mean body-ivcighi {in g.) of animals used in this study 

Group 1 Group 2 Group 3 

Artificial Ariimal.s in con^ftant 

Normal cycles threshold cycles oestrus or anoo«trus 

, • , , * ^ V ^ 

Oestrus Dioestrus Oestrus Diocstrus Con«t. oestrus Con«'l. anoestrus 

158*7i;2-8 lC0*9i2*l 177*0i3*0 178*4i5*0 lGl-9i3S ITO-Si-l-S 


All the castrated animals had a greater body-weight than the controls. 
Thus the body-weight of the artificial-oestrous group is significantly 
greater than that of the nonnal-oestrous group (diff. = 18-3 g., n = IS. 
t = 3-81, P <0-01). The bod}- -weight of the artificial-diocstrous group 
is also significantly greater than that of the normal-diocstrous group 
(diff. = 17-5 g., 71 = IS, t = 3-24, P < 0-01). 

On the other hand the mean body-weight of the animals of the third 
group which were kept in constant oe.strus for 14 daj-s is not significantly 
greater than those of the normal-oestroii.s and normal-dioestrous animals. 
Furthermore, it is significantly les.s than that of the artificial-oestrous group 
and that of the artificial-diocstrous group (diff. — 15-1 g.. ti = IS, / — 
2-7.57, P lies between 0-02 and 0-01 — being 0-01 when I = 2-S7S; diff. -- 
lfi-.5 g.. 71 • 18, / 2-02.5. P iK'ing between 0-02 and 0-0], leing 0-02 

when t 2- .5.52). Also the mean body-weight of the anoestrous rats of the 
thin! grouji is of the same onlcr tif magnitude .as the mean bwlv-weiehts of 
tlK"-e latter two gnuips. It is much iiigher than either the mean b'Kiv- 
weight of the norma!-<x'.'-tious group or that of tlu' nomial-dirv-itrou«^ 
grtuip. although the iliffen'net's an* not st.ati'-tirallv siguirm-ant - 

n-s g.. Ti is. i *2-12. P i*^ nlmo-t (• fr,. and diff. - n r, g,. ... js_ 

t b.s.'i, P i-j betut-^-n o-I and (‘■(•.5). 


Th.'-'^e ob'-erv:\ti"Us show that Iwlv-wiieht r.f’.er 

that the inona^*- i*; inhihit'-'l by large but r.'-t b-,- thn-h- ! ! d-.:!*.- 
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of ocsironc. TJic latter finding accords Avitli observations published by 
Korenebevsk}’^ and his collaborators [e.g. Korcnclicvsky & Dennison, 1934 ; 
Korcnchcvksy, Hall & Ross, 1939; Korcnclicvsky, Burbank & Hall, 1939] 
and by Lauson, Heller & Sevringliaus [1937]. The ‘stunting’ effect of 
largo doses of ocstrono is probably mediated through the pituitary 
[Deancsl}^ 1939]. It is obvious that depression of h^^pophyscal acti\nty 
did not occur in the animals given threshold doses. 

Adrenal-weight 

The mean adrenal-weight in the normal animals is much smaller than in 
the corresponding experimental groups. Statistical analysis (Table III) 
shows that in two cases the difference is not significant by the standards 
adopted in this study (P = 0‘02). 


Table II. Mean adrenal-weight {in mg.) under different conditions 


Group 1 
Normnl cycles 

f ^ \ 

Oestrus Dioostrus 


Group 2 
Arfificiftl 
throsliold cycles 

— - - ■ A 

t - - . 

Oestrus Diocstrus 


Group 3 

Animals in constant 
oestrus or nnoostrus 

! • — — 1 

Const, oestrus Const, anoestrus 


48-25 

±0-02 


42-26 

±1-10 


64-45 

± 2-11 


47-10 

±1-73 


6G-70 64-00 

±3-C7 ±3-66 


Table III. Comparison of mean adrenal-weights in normal and experimental 
groups. P = 0'02 lohen t = 2-652 {significant differences in Clarendon type). 


Groups compared 

DifT. 

ft 

t 

P 


(mg-) 



0-02-0-01 

Normal oestrus and artificial oestrus 

6-20 

18 

2-70 

„ dioestrus and artificial dioestrus 

4-85 

18 

2-37 

0-05-0-02 

„ oestrus and constant oestrus 

8-45 

18 

2-24 

0-05-0-02 

„ dioostrus and constant nnoostrus 

12-66 

18 

3-40 

<0-01 


The comparisons in Table III are between corresponding groups. The 
quantitative effects of castration appear even more significant statistically 
when the mean adrenal-weight for the normal dioestrous group is com- 
pared with those of the experimental oestrous groups. Thus analysis of the 
difference (12-2 mg.) between the mean adrenal-weight for the animals in 
normal dioestrus and that of the animals in the oestrous phase of the 
artificial threshold oestrous cycle gives the following results: 7 i=lS, 
t = 6-14, P < 0-01. Here, however, the effect of castration on the 
adrenals is undoubtedly magnified by that of oestrogenic stimulation (see 
below). 

Table II also shows that the mean adrenal-weight is consistently bigger 
in the oestrous than in the non-oestrous animals of each group. The 
differences are analysed in Table IV. With the exception of the third 
group, in which the variance of adrenal- weight is greatest, the differences 
are significant. This finding confirms that of our preliminary study made 
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on a different group of animals, and indicates that the adrenal increases 
in size not only during normal oestrus, as Andersen & Kennedy [1932] 
demonstrated, but also in the oestrous phase of the artificial threshold 
cycle. 

Table IV. Comparison of mean adrenal-iceighis in oestrous and 
non-oestrous groups 


Groups compared 

Diff. 

(mg-) 

7J 

t 

P 

Normal oestrus and normal dioestrus 

C-00 

18 

4-19 

<0-01 

Artificial oestrus and artificial diocstrus 

7-35 

18 

2-70 

0 02-001 

Constant oestrus and constant anocstrus 

1-80 

18 

0-35 

0-8-0-7 


Adrenal-weight in relation to body-weight 

Andersen & Kennedy [1932] foimd that in the rat relative adrenal- 
weight decreases progressively with body-weight, within a bodj'-weight 
range of 150 to 225 g., while absolute weight increases. Our own observa- 
tions show that adrenal-weight is positively correlated with body -weight 
even within the narrow body -weight range (148-190 g.) which our data 
comprise. 

In determining the correlation coefficient, our 60 sets of paired data 
(body-weight and adrenal-weight) were divided into two groups, the first 
made up the ten normal oestrous animals and the twentj- experimental 
oestrous animals, and the second of the ten normal and the twenty experi- 
mental non-oestrous animals. 

The correlation coefficient for adrenal-Aveight and body-weight in the 
first group proved to he: r = 0-500d;0-139, and in the second group: 
r = 0-571 iO- 125. In both cases the values of the coefficient in terms of P 
(71 being 28) was much less than 0-01 (with 25 degrees of freedom P = 0-01 
when r = 0-4SG9 ; with 30 degrees of freedom P — 0-01 when r — 0-4487). 

This result implies that a more correct picture of our findings would be 
provided if our absolute adrenal-weight figures were converted into relative 
values in onlcr to correct for variations in body-weight. 

Adrcnal-if'ightlbody-wcight ratio 

.■\cconlingly, for purposes of comparison, adrenal-weights in each ca‘-o 

have been translated into the e.vj)rc-;sion ^ ^*^**5*., callf-<l fnr 

;; g. iMyly-wcielit 

simjdicity -lir/Eir ratio. Tlic re-^ults obtaim-fi an' given in T.ab!'' V. 

Expn-.-sed in this fonn, the diffcn'ncos in tnc.an ndn:nal--.veicht-. E'tv.cen 
the oestnnis .^nd non-(y'-trous anitnals in each group iKcoj-ie even mi yt- 
striking (Table VI). 

Before di^iU!-M!ig tl-.e iinp’ii'atie!'.*- of th'"'' fu'.'iir.r-- it i‘ .".‘''.v- .-.r-,- jn 
cein>-ider ccrt.ain oth< r d.ata. 
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Adraml-volumc 

As indicated on pp. 285-0, total adrcnal-volnnic and the volume of cortex 
and medulla -were estimated from the areas of projected outlines of every 
10th 10 fi section. The method is obviously to some extent one of approxi- 
mation, but the results justify its use. The figures obtained are given in 
Table VII. 


Table V. Mean relative 

adrenal-weights {A W/BW 
conditions 

ratios) under different 

Group 1 

Group 2 

Group 3 


Artificial 

Animals in constant 

Normal cyolos 

tlirosholfl cycles 

oestrus or nnoestrus 

/ ^ > 

r , . 

Const. 

Const. 

Oestrus Dioostrus 

Oestrus Dioeslnis 

oestrus 

nnocstnis 


30-33±0-575 20-2C±0-.'i82 30-75±0-803 2G-19i0-nC0 31-94±1-DG0 32-018±l-449 


Table VI. C'oj?!pnr/so?i of mean adrcnaljbody-weight ratios in 

different groups 


Groups compared 

Difr. 

(mg.) 

11 

t 

P 

Normal oestrus and normal dioestrus 

4-OGG 

18 

4-98 

<001 

Artificial oestrus and artificial diocstrus 

4-25G 

18 

3-25 

<001 

Constant oestrus and nnoestrus 

2-917 

18 

1-20 

0-3-0-2 


Table VII. Mean adrenal-volnnie {in mm .^) and volume of cortex 
and medulla tmder different conditions 



Group 1 

Group 2 

Group 3 




Artificial 

Animals 

in constant 


Normal cycles 

A 

threshold cycles 

- A- 

oestrus or nnoestrus 

A — > 



> 

1 


t 

Const. 

Const. 


Oestrus 

Diocstrus 

Oestrus 

Dioestrus 

oestrus 

nnoestrus 

Whole gland 

23-73 

19-97 

25-95 

21-91 

26-57 

26-04 

±1-213 

±0-900 

±1-675 

±1-712 

±2-349 

±2-598 

Cortex 

22-41 

18-70 

24-68 

20-73 

25-30 

24-68 


±1-151 

±0-8G0 

±1-600 

±1-650 

±2-270 

±2-490 

Medulla 

1-32 

1-27 

1-27 

1-18 

1-27 

1-36 


±0-079 

±0-074 

±0-082 

±0-066 

±0-112 

±0-120 


Although the mean volume of the oestrous adrenal in each group is 
greater than that of the corresponding non-oestrous adrenal, statistical 
analysis showed that the difierence was significant only in the first group 
(P = 0-02). 


Adrenal-volume in relation to body -weight 
The possibility that variance in the body-weight figures might be 
responsible for the lack of statistical significance to the differences in the 
second and third groups made it necessary to determine whether adrenal- 
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-olume, like adrenal-weight, is positively correlated with body-weight, 
^alysis showed that it is. 

The data were divided into oestrous and non-oestrous groups as in the 
inalysis of the adrenal-weight/body-weight correlation. The correlation 
ioefficient for adrenal-volume and body-weight in the oestrous group 
woved to be: r = 0-3896±0-158. In this case the value of r in terms of P 
'n being 28) is approximately 0-02 (it is exactly 0-02 with 25 degrees of 
reedom when r = 0-4451 ; with 30 degrees of freedom when r = 0-4093). 
rhe coefficient r for the dioestrous group proved to be 0-4878±0-142, its 
ralue in terms of P being < 0-01. 


Adrenal-volumelbody-weight ratio 

Since adrenal-volume is positively correlated vith body-weight, the 
volume figures have in each case been translated into the expression 

— ?5 ^^9 , (called for convenience the AV/BW ratio). The results 
g g. body-weight, 

obtained are given in Table VIII. 


Table VIII. Relative adrenal-volumes (A VjBW ratios) under 
different conditions 

Group 1 Group 2 Group 3 

Artificinl Animnk in constnnt 

Xormnl cycles threshold cycles oestnis or nnoestru-s 


Const. Const. 


Oestru"! 

DioesI nw 

Oestrus 

Dioestru-s 

oestrus 

nnoestrus 

ir>-no 

12-tO 

UC9 

12-30 

lC-27 

15- 11 

iO-783 

iOCM 

iO-908 

iOP31 

il-120 

il-2Cl 


Annl3-sis shows that the difTcrenccs between the oestrous and non- 
ocstrous values in each group arc more striking when expressed this wav, 
but that thc\' arc still significant onlj* in the normal animals. Since the 
difTcrenccs in mean adrenal-weights were significant in both the first and 
second groups, the results of the anah-sis of the volume figures sugeest 
either that their variance, due to shortcomings in the method follower! in 
obtaining the volumes, is too great to reveal statisticalh- a real difference, 
or that adrenal-volume is not correlated with adrcnal-weieht. 

Adrrnol-uright in rrlalinn to adrcr.nl-vohmf 
Stati'-tical analysis shows that the latter explanation does not hold, 
since a marhetl jiositive correlation exists between ndrena!-\;ci::ht nn-l 
fuirenal-vohmie both in tlie 30 oestmus .anti in the "0 nnirnals. 

Tlie correlatii'n ccv.^nicient in the or'^trous grouji proved to l>e r ■ or/sj-r- 
n-nO'.'. and in tin- non-tK- tnnis group r ■ - t* oao ra-j--. the 

v.ahies of the cxv-fPirient in terms (>f P (r. be:n:* -Js) jc vfr\- rr.ucl; !e'« tl.a:! 
(MU. 
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This analysis implies that the lack of statistical significance in the 
dificrcnccs between the artificial ocstrons and experimental diocstrous, 
and constant ocstrons and constant anocstrous adrenal-volumes and 
AVjBW ratios is diic to variance in the data introduced b}’' the method 
followed in obtaining the volume figures. 

Changes in the size of cortex and medulla 
The data in Table VII show that the vohimo of the medulla docs not 
fluctuate significantlj’^ in or between any of the groups (the small variations 
are all within the range of observational error, the greatest difference on 
statistical analysis indicating a P of 0‘5). On the other hand the mean 
volume of the cortex in each ocstrons group is greater than that of the 
corresi^onding non-oestrous group. The fact that the volume of the medulla 
does not fluctuate outside the range of observational error suggests that 
the greater variance of the adrenals of the oestrous as compared with those 
of the non-oestrous animals is due to variability in the effects which 
oestrogenic stimulation has upon the cortex. 

Although the mean volume of the adrenal cortex in the oestrous rats is 
in each group greater than that of the corresponding non-oestrous rats, 
analysis shows that the difference is significant statistically (P = 0'02) 
only in the first group. Conversion of the cortical volume figures to corticnl- 
volume/body -weight ratios increases the degree of statistical significance 
of the differences, but does not carry them as far as a P value of 0*02. 

Cortical and med%dlary iveight-indices 
It was shown that in view of the strong positive correlation which exists 
between body-weight and adrenal-weight, the most convenient way of 
allowing for fluctuations in body-weight is to express adrenal-weight by 
the index: ^ jng adrenal-weight x 100 

y g. body-weight 

The parts of this index made up by cortex and medulla respectively in any 
given gland are given by the expressions: 

100 {AW){CV) ^ 100 {AW)(MV) 

{BW){AV) {BW){AV) ’ 

where AW = total adrenal- weight in mg. 

BW = body -weight in g. 

AV = total adrenal-volume in mm.® 

CV — volume of cortex in mm.® 
and MV = volume of medulla in mm.® 

This operation presupposes that the specific gravities of the cortex and 
medulla are approximately equal. 
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The mean separate ■weight-indices of the cortex and medulla in each of 
our three groups of animals are gi'ven in Table IX ; their differences are 
analysed in Table X. 


Table IX. Mean cortical and medullary weight-indices under 
different conditions 



Group 1 

Group 2 

Group 3 



Artificial 

Animals in constant 


Normal cycles 

threshold cycles 

< 

oestrus or anoestrus 


* * 


Const. 

Const. 


Oestrus Dioestrus 

Oestrus Dioestrus 

oestrus 

anoestrus 

Cortex 

28-77 24-58 

29-25 25-03 

33-25 

30-32 


±0-56 ±0-59 

±0-88 ±0-92 

±1-91 

±1-42 

Jledulla 

1-69 1-67 

1-50 1-46 

1-70 

1-69 


±007 ±0-07 

±0-03 ±0-06 

±0-11 

±0-08 

Table X. Comparison of mean 

cortical weight-index 

in different groups 


Groups compared 

Difl. n 

t 

P 



(g-l 



Normal oestrus and diocstrus 

4-19 18 

5-191 

<0-01 

Artificial oestrus and artificial dioestrus 

4-22 18 

3-323 

<001 

Constant oestrus and onocstrus 

2-93 18 

1-234 

0-3-0-2 


It is plain that the mean medullarj’ weight-index of the oestrous rats in 
each group does not differ significantly from that of the corresponding non- 
oeatrous animals. On the other hand, the cortical weight-index does in the 
first and second, but not in the third group. This result clearly indicates 
that the increase in size of the adrenal both in the normal and artificial 
threshold oestrous cj’clc is duo to cortical growth. This point is also 
brought out by converting the figures for the volumes of the cortex and 
medulla in each gland to cortex/mcdulla ratios (Tables XI and XII). 

Table XI. Mean cortex (tncdulla ratio under different conditions 
Group 1 Group 2 Group 3 


Artificinl Anim/iN in con^tfint 

Normal cycles thrc*«^bold cyrlos or<!ru< or 






\ 

Con=!. 

Cor.^t. 

Or«tru‘< 

Dicv^tnis 




ruttvNitru* 

17-30 

15-00 

19-33 

17-f<0 


2010 

1 8 54 

±0-74 

±o-s; 

±0 59 

±0-C5 


- 1-<C 


Table XII. Comjyorison of mean corifx'm 

fduUa 

m.'i'or in 

different 




groupr 





con'pnrr*'! 


D.fT. 

n 

f 

V 




(r ) 







: '■> 

1- 


/ ' 

Art tr'inn,! 



: 33 

1- 


0 o:r>ct 

\ or-’trvs* \ ■: rvi* 


1 

I*- 

! -1 

r> * 
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Fhictxialion in adrcnal-sizc during Ihc ocslrous ct/clc 

Our observations fully confirm Andersen & Kennedy’s [1932] finding 
that the adrenals of the rat increase in size during normal oestrus, and that 
the change is due to gi'owth of the cortex. They also show that identical 
changes occur during threshold artificial ocstrous cycles. Since it is hardly 
likely that the adrenals would react cyclically to a constant daily threshold 
dose of oestrone, it is reasonable to suppose that the cycle of changes 
which they undergo under these conditions in spayed animals represent an 
‘inherent’ change which proceeds independently of the ovaries and of 
oestrogenic stimulation. The latter undoubtedly has an effect on the 
adrenals (see below), but it is not an 'effect which expresses itself in this 
cyclical way. 

It is known that the cells of the cortc.x are continually degenerating in 
the region of the medulla, and that fresh cells are always migrating from 
the outer zones (according to Zwemer, Wotton & Norkus [1938] from the 
indifferent cells of the capsule) towards the centre [see Grollman, 1936]. It 
is possible that the increase in size of the cortex at oestrus represents 
either a peak of cellular formation or an increase in cell size. This point is 
considered in detail in a later section, as is also the problem of the con- 
tinuation of the change after hypophysectomy. 

Effects of oestrogenic slimnlation and spaying on the adrenal cortex 

Most workers who have investigated the problem report that oestrogenic 
stimulation leads to an increase in the size of the rat adrenal [e.g. Andersen, 
1934; Korenclievsky & Dennison, 1934, 1935; Selye, CoUip & Thomson, 
1935; Ellison & Birch, 1936; Deanesly, 1939] and evidence provided by 
Selye et al. [1935] and Ellison & Birch [1936] indicates that the influence 
of oestrogenic stimulation on the adrenals is mediated through the anterior 
pituitary. 

Spaying under certain conditions also leads to adrenal enlargement. The 
problem was reviewed in detail by Andersen & Kennedy [1933], and their 
o^vn observations showed that spaying before maturity (at 20-21 days) 
had no effect on mean adrenal-weight up to the 85th day. On the other 
hand, the adrenals of rats spayed after sexual maturity had been reached 
(between 53 and 73 days) had hypertrophied a week after gonadectomy; 
at 3, 6 and 8 weeks after the operation, however, they weighed about 30% 
less than the mean adrenal-weight for normal oestrous females. Contrary 
results are reported by Waterman [1939], who found a significant decrease 
in the weight of the adrenals of mature female rats one week after spaying 
(49±2-l mg., 14 spayed animals, as compared with 66d;;2'6 mg., 23 normal 
animals). Observations published by Blumenfeld [1939] refer to adi'enals 
removed from rats 8 weeks and 20 weeks after ovariectomy (performed 
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during the 4th week of life) and to adrenals removed 12 weeks after spaying 
(performed at 3 months). In all three groups the adrenals were significantly 
lighter than normal; 8 weeks after spaying the mean difference was 8-3% 
and after 20 weeks 33'4%. The diminution in size was due to cortical 
atrophy, the zona fasciculata being affected first, and all three zones later. 
Lauson e( al. [1937] also observed that the adrenals of female rats are 
slightly atrophied 20 days after spajdng. In male rats, however, castration 
leads to an increase in the size of the adrenals [e.g. Korenchevskj^, 1930 ; 
Hall & Korenchevsky, 1938]. In the only three other species that have 
been studied extensively (the rabbit, the guinea-pig and the mouse) 
gonadectomy leads to an increase in adrenal-weight [see Blumenfeld, 1939 ; 
Deanesly, 1938]. 

There seems to be fairly general agreement that in the rat spaj-ing leads, 
after three weeks, to progressive involution of the adrenals ; few workers, 
however, have paid attention to the precautions, indicated by Andersen & 
Kennedy [1933], to use as controls in such studies animals in known phases 
of the reproductive cycle. Although the mean adrenal-weight of a group 
of animals after gonadectomy may, for example, be less than that of a 
control group collected in oestrus, it could nevertheless be greater than 
that of a control series removed in dioestrus. 

So far as the immediate effects of gonadectomy on the adrenals are con- 
cerned, our observations support those of Andersen & Kennedy and dis- 
agree with those of Waterman. Thus the mean adrenal-weight in the 10 
rats which received no treatment for 14 daj-s after spajdng (Group 3) is sig- 
nificantly greater than that of the 10 normal animals in dioestrus (Group 1 , 
Tables II and III). As already noted, this relationship holds, although 
not in so striking a way, between the mean adrenal-weight of both the 
oestrous and diocstrous normal animals and the mean weights of all the 
otlior corresponding experimental groups. In the ca.se of this compari.=on, 
however, evaluation of the effects of castration is made difficult because of 
the oc.stronc treatment the animals received, a procedure which introduces 
a second variable into the problem. That the increase in the size of the 
adrenal immediately after spaying is due to hyperlroijhy of the cortex is 
indicated, first, by the fact that the absolute values for the volume of tlie 
medulla in the normal and experiment.al groups do not vary out^^ide the 
range of observational error, and second, by the fact that the mean cortex ’ 
medulla ratio of the 10 normal diocstrous rats is significantlv greater than 
that of the 10 anoestrous animals of Gn)uji 3 (iliff. -- 3-.'>}, r. — 1.*?, t - 
3 i:.9, V < 0 01). 


It was noted earlier on (}>)>. 2SS-0) that while the mean r.drcn.*! 
of both the normal oee^lrmis and artitaial tx'-tnju- gri'Uji' w iti' sir' 
greater than tho'^e of their corre-ponding diiK -tri'ii' gTi'iu>-, that 
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rats which were kept in constant oestrus was greater, but not significantly 
so, than that of the 10 anoestrous rats in the same group. It is conceivable 
that the smaller relative dificrence in this group, as compared with that in 
the second group, was duo to some antagonism between the effects of 
castration and those of the relatively large doses of oestronc the animals 
received. Thus Korcnchovsky, Hall & Ross [1939] found that the absolute 
size of the hj’-pertrophied adrenals of castrated male rats decreased as a 
result of prolonged oestrogenic treatment although their relative size per 
unit body-weight increased somewhat. IMoreover, in a later study Koren- 
chevsky, Burbank & Hall [1939] observed that while the adrenal-weights 
of spayed female rats increased as a result of low doses of oestradiol they 
decreased after treatment with high doses (99 and 200 pg. -weekly). In an 
earlier study Korenchevsky & Dennison [1-935] also found that 18/zg. of 
oestrone given daily for 43 days had no effect on the already hypertrophied 
adrenals of male rats. Wliy this should be so is not at present obvious, but 
it is an observation wliicli accords with the trend of our ovm findings, and 
which offers some explanation for the fact that the relative difference 
between the mean adrenal-weights in the experimental oestrous cycle is 
greater than that between those of the constant oestrus and uninjected 
animals of Group 3. 


Changes in the cortical zones 

An attempt was made, by the method outlined on pp. 285-6, to determine 
the volumes of the different cortical zones in the 60 animals used in this 
study. This particular method was impro\dsed and adopted, in spite of the 
shortcomings which have already been indicated, because tho literature 


Table XIII. Mean volumes {in mm?) of cortical zones under 
different conditions 


Group 1 


Group 2 Group 3 

Artificial Animals in constant 


Zone 

Normal Cycles 

K 

threshold cycles 

oestrus or anoostriis 


' 




Const. 

Const. 


Oestrus 

Dioestrus 

Oestrus 

Dioostrus 

oestrus 

nnoestrus 

Glomerulosa 

1-66 

1-CO 

1-94 

1-60 

1-76 

1-69 


±0-13 

±0-12 

±0-10 

±0-19 

±0-36 

±0-09 

Fasciculata 

9-04 

7-36 

11-93 

9-47 

10-22 

9-80 


±0-37 

±0-43 

±0-60 

±0-58 

±0-78 

±0-67 

Reticularis 

3-51 

2-69 

3-90 

3-22 

3-88 

3-98 


±0-34 

±0-13 

±0-34 

±0-47 

±0-34 

±0-48 


provided no guide to a more immediately practicable procedure for obtain- 
ing quantitative information on the problem. The results of the applica- 
tion of the method are given in Table XIII. 
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In every case except one (zona reticularis of Group 3), the mean vol imes 
for the different zones in the oestrous animals are larger than the means in 
the corresponding non-oestrous animals. Table XTY shows that the 
difference in the exceptional case is not significant statistically, and that in 
spite of the obvious shortcomings of the method used in determining the 
zone volumes, the differences between the oestrous and non-oestrous values 
for the fasciculata are significant in Groups 1 and 2. This fact suggests 
that the increased size in the adrenal cortex at oestrus both in the normal 
and artificial threshold oestrous cycle, is due in greater part to changes in 
the zona fasciculata. The data also suggest that the degree of change in 
the zona glomerulosa is less than that in the zona reticularis. 


Table XIV. Comparison of mean zone-voiumes in different groups 


Zone 

Phases compared 

Dili. 

n 

t 

P 

Glomerulosa 

Normal oestrus and diocstnis 

0-159 

18 

0-904 

0-4-0-3 


Artificial oestrus and dioestrus 

0-342 

IS 

1-617 

0-1-0-2 


Constant oestrus and anoestrus 

0-1G2 

IS 

0-448 

0-7-0-C 

Fasciculata 

Normal oestrus and dioestrus 

1-CSl 

18 

2-953 

<0-01 


Artificial oestrus and dioestrus 

2-404 

IS 

2-974 

<001 


Constont oestrus and anoestrus 

0-424 

18 

0-441 

0-7-0-C 

Reticularis 

Normal oestrus and dioestrus 

0-815 

18 

2-235 

0-05-0-02 


Artificial oestrus and dioestrus 

0-C83 

18 

1-873 

0-1-0-05 


Constant oestrus and anoestrus 

-0-105 

18 

0179 

0-9-0-S 


Changes in ccll-sizc 

In order to detennine whether the increase in the size of the adrenal 
cortex during normal and artificial oestrus (and immediately after spay- 
ing), is associated with an increase in the size of the cortical cells, estimates 
were made of the mean ccll-volumc in each zone and also in the medulla of 
every adrenal gland. The cortical cells are usually described ns being 
spherical or pol 3 'hcdral. In determining their size thc\- have been re- 
garded ns spherical. n.s (i) the cells arc probably* in an}' event squashed 
spheres, and (ii) it would have been practicnlh- impossible to e-timate the 
volume of a polvhcdral cell. 

The mean diameter of 30 cells chosen at random in each zone (including 
the medulla) of each of the adrenal glands w.as measured with a mirrometer 


e\-e-]iie('e. 


Cell Volume was calculated from the formula 



Reticularis 


cell:, were measured in the iiuier band of the rona ntirulari- 
lioion with the fa'i'irulata eel!-'. 

'I lie values ohtaiuMl arc given in Table N V. 

It will be >e.;i Ity ic.- 1 V! t i"!! that SUi’h v.-.ri iti'C'.s 
tb.e C’lls (%f tliC rnU'l gl'iUW T’.llo'a i*; tl:(' .ae.d 

>'! ericli group nri- v. jt liiu ti." r.i;,.:i‘ of . . .. . 


to .avoid exm- 


in t l.e • t ,f 
'-T ' ' rr r. It 
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follows therefore that coll size in tliis zone remains fairly constant during 
oestrous and non-oestrous phases. On the other hand, mean cell-size in the 
zona fasciculate during oestrous is significantly greater than in non-oestrous 
phases (Table XVI). 


Table XV. Mean cell-size (in vi the different adrenal zones 
under different conditions 



Group 1 

Group 2 

Group 3 




Artificial 

Animals in constant 

Zono 

Normal cycles 

A 

threshold cycles 

oestrus or anocstrus 


/ 

\ 

0 


Const. 

Const 


Oestrus 

Dioostrus 

Oestrus 

Dioestrus 

oestrus 

anocstrus 

Glomorulosa 

300-8 

373-0 

408-7 

481-0 

373-0 

376-6 


±12-33 

±11-80 

±19-07 

±21-77 

±26-10 

±12-62 

Foscioulato 

2436-0 

1008-0 

2670-0 

1074-0 

2282-0 

1840-0 


±37-26 

±63-42 

±88-08 

±102-1 

±94-92 

±64-41 

Boticularig 

330-8 

207-4 

420-0 

448-8 

302-9 

376-1 


±16-03 

±14-07 

±20-01 

±27-78 

±21-37 

±9-06 

Medulla 

1382-0 

1387-0 

1021-0 

1508-0 

1620-0 

1376-0 


±09-66 

±42-00 

±48-30 

±70-11 

±34-04 

±41-13 

Table XVI, Comparison of mean ccll-siz 

e in different 

zones under 

different 


conditions {the larger value in each case is in italics) 


Zono 

Groups compared 

Diff. 

n 

t 

P 

Fasciculata 

Normal oestrus and dioestnis 

827-0 

18 

12-73 

<0-01 


Artificial oestrus and dioostrus 

602-0 

18 

4-461 

<0-01 


Constant oestrus and anoostrus 

442-0 

18 

3-860 

<0-01 

Reticularis 

Normal oestrus and dioostrus 

33-4 

18 

1-591 

0-2-0-1 


Artificial oestrus and dioestnis 

69-2 

18 

1-732 

0-1 


Constant oestrus and anoestnis 

12-2 

18 

0-518 

0-6 

Medulla 

Normal oestrus and dioestnis 

6-0 

18 

0-062 

1 -0-0-9 


Artificial oestnis and dioostrus 

53-0 

18 

0-623 

0-6-0-5 


Constant oestnis and anoostrus 

145-0 

18 

2-700 

0-02-0-01 


The differences in mean size between the oestrous and non-oestrous 
reticularis cells follow no definite rule, and none is significant statistical^. 
On the other hand, experimental oestrogenic stimulation appears to lead 
to an increase in the size of the medullary cells, the increase being signifi- 
cant statistically in the group injected for 14 days with SO^ug. of oestrone 
daily. What the significance of this change is remains to be determined ; 
to our knowledge there has been no published indication hitherto that the 
adrenal medulla is affected by oestrogens. 

The results of the analysis thus show that the increase in size of the 
adrenals during oestrus in normal and artificial threshold oestrous cycles is 
due to an increase in the size of the cortex, and in particular of the zona 
fasciculata, and that this increase is associated with a marked increase in 
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the size of the fasciculata cells. It does not appear to be associated, as the 
following section shows, with an increase in the number of cortical cells. 

The number of cortical cdls 

An approximation of the number of cells in the adrenal cortex was 
obtained by the following formula, derived in the manner shown. 

If u = measured volume of cortex (pp. 285-6), 

X = estimated volume of zona glomerulosa. 


y = 


„ „ fasciculata, 

z = 

91 

„ „ reticularis, 

x' = 

99 

„ glomerulosa cell, 

y' = 

99 

„ fasciculata cell, 

z' = 

99 

„ reticularis cell. 


Then (i) 

(ii) 

(iii) 


vx 


(a:+ 2 /+ 2 )(a:') 

vy 

{x+y+zW) 

vz 


= number of glomerulosa cells, 
= „ fasciculata cells, 

= „ reticularis cells, 


(a:+t/+z)(z') 
and (iv) total number of cortical cells is 

x+y+z \x'^y' z'l, 

— ■ ^ — being a correction factor for tlic method of obtaining the partial 
volumes of the cortex. 

Since the size of the adrenal cortex is correlated with bodv-wcicht 

• C 

(pp. 290-1), a corrected index of cell number is given by the expression 


/iir(:r4-.V+=) W t/' • z'l 


where /111* is the body-weight in g. 

Tlie data yielded by the application of this formula are giyen in Tabh 
XVll. 

1 able X\ II. nxiinhfT ( x 10') of rnrtiral crllc y'r n. 

inidfr difffTfr.l 
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Annlj’^sis of ilicsc figures (Table XVIII) shows that there is no significant 
variation in the ninnbcr of eortical cells in the ocstrous and non-ocstrous 
animals of the different grou])s. Consequently, it follows that the increase 
in size of the adrenals during oestrus in normal and artificial threshold 
oestrous cycles is essential I 3 ' due to Jiyperf roph}’- of the cells of the zona 
fasciculata. 


Table XVIII. Cowpariso7i of mean immbers (X lO'"') of cortical cells 
in different gronpis {larger values in each comparison in italics) 


Plmses compared 

Diff. 

n 

t 

r 

Normal oestrus and normal diocstnis 

o-ooor. 

18 

0-45.6 

0-7-0-6 

Artificial oestrus and art. dioostrus 

0-0201 

18 

1-420 

0-2-0-1 

Constant oestrus and const, anoestrus 

ooo3r. 

18 

O-IGO 

0-9-0-8 

Normal oestrus and artificial oostnis 

0-0.509 

18 

2-438 

0-05-0-02 

Normal oestrus and constant oestrus 

0-0040 

18 

0-178 

0-9-0-8 

Artificial oestrus and const, oestrus 

00169 

18 

2-874 

001 

Normal dioe.itrus and art. dioostrus 

o-oci.'-. 

18 

4-351 

<001 

Normal dioostrus and const, anoestrus 

0-0090 

18 

0-242 

0-9-0-8 

Artificial dioostrus and const, anoestrus 

0-070.6 

18 

3-2G0 

<001 


The number of medullanj cells 

The number of medullary cells, which were estimated by dividing the 
estimated mean volume of medullary cell in each gland into the observed 
total medullary volume (pp. 290-1), also fails to vary significantly in the 
oestrous and non-oestrous animals of the different groups (Tables XIX 
and XX). The values are given as the number of cells X 10® per g./body- 
weight. 

Table XIX. Mean number ( x 10®) of medidlary cells per g. /body- 
weight binder different conditions 

Normal oestrus = 6-168Jz0-60Sl 
„ dioostrus = 6-703 ±0-2888 
Artificial oestrus = 4-484± 0-3494 
,, dioostrus = 4-351 ±0-3377 
Constant oestrus = 5-173±0-3442 
„ nnoestrus = 5-789±0-4301 

Table XX. Gomparisoii of mean numbers ( x 10 ®) of medidlary cells in 


different gi'oups {the larger 

value in each 

case 

is in italics) 


Phases compared 

Diff. 

n 

t 

P 

Normal oestrus and normal dioostrus 

0-455 

18 

0-780 

0 - 5 - 0-4 

Artificial oestrus and art. dioostrus 

0-133 

18 

0-274 

O - S - 0-7 

Constant oestrus and const, anoestrus 

0 - C 16 

18 

1-120 

0 - 3 - 0-2 

Normal oestrus and artificial oestrus 

1-674 

18 

2-721 

0-02-0-01 

Normal oestrus and constant oestrus 

0-985 

18 

1-608 

0 - 2 - 0-1 

Artificial oestrus and const, oestrus 

0-689 

18 

1-409 

0 - 2 - 0- 1 

Normal diocstrus and art. dioestrus 

1-352 

18 

' 3-047 

<0-01 

Normal dioostrus and const, anoestrus 

0-086 

18 

0-166 

0 - 9 - 0 -S 

Art. dioostrus and const, anoestrus 

1-438 

18 

2-632 

002-001 
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Effects of oestrogenic stimulation and spaying on zone volumes, 
cell-size and cell-number 

Our data indicate, as already shoT^-n (p. 294), that at the end of the 
;econd week after spaying the adrenal is increased in size. Since the volume 
)f medulla remains constant (Table IX) the increase must be attributed to 
changes in the cortex. Table XIII shows that all three cortical zones in the 
two spayed groups of animals (Groups 2 and 3) are consistent!}’ larger than 
the corresponding zones in the normal group (Group 1). The comparison is 
complicated, except in that of the normal dioestrous animals and the un- 
treated animals of Group 3, by the fact that the experimental groups were 
given oestrone daily. 

Comparison shows, however, that the zona fasciculata and zona reticu- 
laris in the spayed untreated rats of Group 3 are significantly larger than in 
the normal dioestrous animals of Group 1 (Table XXI). The difference in 
the size of the zona glomenilosa is not significant. The finding indicates 
that adrenal enlargement in the first two weeks after spaying is due to 
changes in the zona fasciculata and zona reticularis. 

Table XXI. Comparison of zone volumes in normal dioestrous 
{Group 1) and spayed anocstrous rats {Group 3) 


Zones compared 

DitT. 

(mm.’) 

n 

t 

P 

Glomerulosa 

0094 

18 

0-C54 

O-O-O-.’. 

Fa.sciculnta 

2-441 

18 

3-441 

<0 01 

Reticularis 

1-292 

18 

2-010 

0-02-0-01 


Statistical analy.sis of the differences in cell-size in the different groups 
(Table XV) }'ields interesting results (Table XXII). 

Tlic mean sizes of the glomerulosa and medullary cells in animals which 
received no treatment for 14 days after spaying arc tlic .■^amo as in the 
normal dioestrous group. On the other hand, those of the fasciculata and 
reticularis cells arc significantly larger, a finding which indicates that 
adrenal enlargement after spaying is dtie to liyjH‘rtroi)hy of thc.;c> cells. 

Furthermore, the glomerulosa colls of both .sct« of animals in the .second 
ex])erimentnl grotip are significantly larger than thn-c of the first and tliird 
grotips, a finding which sugeests that the.se colls incroa-o in size as a ri'-ult 
of stimulation by thrc.shold <lo=cs of .x-strono hut not as a result oitlif-r c.f 
castration or of ndatively larce doses of ^>fstnine. 

In the ease of the fasciculata o^lls the n-.-ults an- sou’.e'.v l;at siriijiar. In 
the (X'stroiis animals large do-cs of jx-trune a;i|x-ir t'l !■ a<! to a •rr.ala r 
iuco'asi' than threshold do-es {th.e difTer'i'ncf"., h.ov. ^’v^ r. are n. t * ii-nifi-ant 
statistically). In the iton ix-strous auima!'- the .tim!;! .tir.:- • : f f thri 

old (ins<-.. ^..cms even morv aj’pin nt. ‘hov. n hv the • i-.t li;*!. n •; 
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in fnscicnlnta ccll-sizc l)ct/\vccn the norninl nnimnls of Group 1 and the 
injected animals of Group 2 ; in this ease tlie comparison is complicated by 
the fact that spaying alone results in cellular hypertrophy'. 

The smaller stimulating effect of the large doses of ocstrone on cell-size 
is equally' well shown in the reticularis cells, for here again the cells are 
smaller (though not significantly' so) in the animals given large doses 
(GrouiD 3) than in the nnimnls given threshold doses (Group 2). The reticu- 
laris cells of the latter group are also significantly' larger than those of 


Table XXII. Comjxirison of mean cell-size in different groups 
[the larger value in each ease in italics) 


Zono 

Groups compared 

Diff. 

n 

t 

P 


. 

(/**) 




Glomorulosft 

Nonu. oestrus and art. oc.it. 

l.'17-9 

18 

.5-893 

<0-01 


Art. ocfl. and const, oost. 

121-8 

18 

3-897 

<0-01 


Normal dioost. and art. cllocst. 

lOS-0 

18 

4-303 

<0-01 


Art. (lioc.it. and const, anocst. 

1 05-.'; 

18 

4-200 

<0-01 

Fasciculata 

Norm. oost. and art. oc.it. 

141-0 

18 

1-4G9 

0-2-0-1 


Norm. ocst. and const, oost. 

l.'i3-0 

18 

1-503 

0-2-0-1 


Art. ocst. and const, oost. 

201-0 

IS 

2-2G8 

0-05-0-02 


Norm, dioost. and art. dioest. 

3GC-0 

18 

3-182 

<0-01 


Norm, dioost. and con.it. anocst. 

232-0 

18 

2-778 

0-02-0-01 


Art. dioest. and const, anocst. 

134-0 

18 

M12 

0-3-0-2 

Reticularis 

Normal oost. and art. ocst. 

98-8 

18 

3-898 

<0-01 


Norm. oost. and const, ocst. 

32-1 

18 

1-2'14 

0-3-0-2 


Art. ocst. and const, oost. 

CC-7 

18 

2-282 

0-05-0-02 


Norm, dioost. and art. dioest. 

191-4 

18 

G-158 

<0-01 


Norm, dioost. and corist. anocst. 

77-7 

18 

4-522 

<0-01 


Art. dioest. and const, anocst. 

113-7 

18 

3-801 

<0-01 

Medulla 

Norm. oost. and art. dioest. 

239-0 

18 

2-827 

0-01 


Norm. oost. and const, ocst. 

138-0 

18 

1-779 

0-1-0-05 


Art. ocst. and const, oost. 

101-0 

18 

1-701 

0-1 


Norm, dioost. and art. dioest. 

181-0 

18 

2-217 

0-05-0-02 


Norm, dioest. and const, anoost. 

12-0 

18 

0-204 

0-9-Q-8 


Art. dioest. and const, anoost. 

193-0 

18 

2-378 

0-05-0-02 


normal animals (Group 1) and of the animals of the third group which 
were given no treatment, a finding which indicates clearly that threshold 
doses of oestrone lead to hypertrophy of the reticularis cells. 

Analysis of the changes in the size of the medullary cells points to the 
same general conclusions. 

It thus appears that gonadectomy leads to an increase in the size of the 
fasciculata and reticularis cells, and that tlireshold doses of oestrone result 
in enlargement not only of these cells but also of the cells of the glomerulosa 
and medulla. On the other hand, large doses of oestrone have a less stimu- 
lating effect (fasciculata and medulla), and sometimes a depressing effect 
(glomerulosa and reticularis), on cell-size in all the zones of the adrenal. 

As already observed, the greater size of the adrenal cortex dui’ing oestrus 
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both in the normal and in the artificial threshold cycle is not associated 
Avith an increase in the estimated number of cortical cells (Tables X1TI 
and XVIII). Analysis also shou's that the number does not increase signifi- 
cantly at the end of 14 days after spaying (comparison of normal dioestrous 
and constant anoestrous groups in Tables XVII and XVIII). On the other 
hand it appears to decrease significantl 3 'as a result of stimulation b\' thresh- 
old doses of oestrone, although not as a result of stimulation b^' large 
doses (Tables XVII and XVIII). The estimated number of medullar}- cells 
fluctuates in the same way as that of the cortical cells (Tables XIX and 
XX). 

The following picture of the quantitative changes which take place in 
the adrenal is obtained when the results of the whole analj-sis are com- 
bined. The adrenal increases in size significant!}' both during normal 
oestrus and in the oestrous phase of artificial threshold cycles. The change 
is due to cortical hypertrophy and in particular to growth of the zona 
fasciculata. Less-marked growth occurs in the zona reticularis, and still 
less in the zona glomerulosa. These changes are not associated with signifi- 
cant alterations in the estimated total number of cortical cells. On the 
other hand, the fasciculata cells increase in size significantly and this there- 
fore appears to be the essential change that takes place in the adrenal at 
oestrus. 

A fortnight after spaying the adrenals are also enlarged, the change 
occurring in the cortex and being due in partioilar to growth in the zona 
fasciculata and zona reticularis. The changes in these zones arc duo to 
cellular swelling and not to an increa.se in the total number of their consti- 
tuent cells. 

Oestrogenic stimulation also has specific effects on the adrenals. Thresh- 
old doses of oestrone lead to a significant and marked incre.ase in the size 
of the cortex while large doses have a much slighter stimulating effect. Tlie 
stiTiuilating effect of thrc.shold doses is a'^sociated with swelling of the 
glomerulosa. fasciculata and roticidaris and medullary cells and ajiparcntlv 
with a decu'ase in the total number of cortical rolls. Earger doses of 
oestrone (.oO/ig. over a j>criod of 14 days), retain their .‘■timulating cfrcct on 
the size of fasciculata and medullar}- cells but lose it on tlif glomenilosa 
and reticularis eidls. Thev have no effect on the total number of r<irliral 
colls. 


ll t'!r>Jry>irrtl rl.nr.'ys 

'Ibis pict\ire of the cjuantitative change- vhish i>- ur in t’.f- .-cir’ m! 
cortex during the uonn.al (•''-iron- .-md during ih*- artiti • d t!.:> ■ h- ■!•! t •. ■ h-, 
after spayiu'.t .-vtni after t»e ’tr('gcni'' tinn.rhitiMn. (.■.•• !•• hri’ 'i-‘ • e*,.: 

V ith diri'ct lmt(>!(»gi('.d ob-erv.di- . 
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During iho normal cycle, na originally observed by Andersen & Kennedy 
[1932], no changes oceur in the medtilla. During oest rus ilie /ona glomcni- 
losa is narrower and less clearly demarcated from the fasciculata than in 
dioestrus. The cells of the zona fasciculata arc enlarged and vacuolated 
during oestrus, as arc the nests of cosinojihilic cells between the reticularis 
and medulla. The latter ajjpear to be more numerous during diocstrus. 

In many specimens the reticularis appears to be wider and to contain 
more numerous and dilated (blood) .spaces and more degenerated colls in 
oestrus than in dioestrus, '.riic adrenal capsules also appear to be thicker 
at oestrus. 

illicroscopic examination suggests that the changes which take place 
during the artificial threshold cycle arc of the same kind, with the one 
exception that the zona fasciculata appears )nore compact during artificial 
than in normal oestrus. 

Most published observations, as noted, indicate that the adrenal of the 
female rat decreases in size after spaying, alt hough no observations, e.vcepfc 
some of Andersen & Kcnncd3'’s, refer to adrenals removed less than 3 weeks 
after spaying. The decrease that occurs after 3 weeks is particularly 
associated, according to Blumcnfcld [1930], with a decrease in the .size of 
the zona fasciculata, the cells of which are smaller than normal, and show 
more signs of degeneration. The rate of regeneration, however, is as great, 
or greater, than normal. IMorcovcr, according to Blumcnfcld, the total 
number of fasciculata cells is not decreased after spaying, a conclusion 
which he reached bj’’ estimating the number of nuclei in a given zone. 

Our own observations agree with those of Blumcnfcld that there is no 
alteration in cell-number after spaying, but differ in so far as signs of 
cellular degeneration are not prominent 2 weeks after spaying. At that 
time no definite changes occur in the juvenile-zone cells. None was ob- 
served by Howard [1938] in the castrated male rat. 

The only histological observations regarding the effects of oestrogenic 
stimulation to which reference need be made is the greater hj'-peraemia of 
the cortex in injected as compared with control animals. Large haemor- 
rhagic areas were present in the adrenals of 3 of the 10 spayed females of 
Group 3 which were given 50pg. of oestrone daily for 14 days after spaying. 

Changes in the adrenals of hypophysectomized spayed rats 

Hypophysectomy, as had been fully established, leads to involution of 
the adrenals. The involution is entirely due to changes which take place m 
the cortex, since the volume of the medulla remains relatively unchanged. 
According to Cutuly [1936], the adrenal cortex of the female rat loses 
approximately 73% of its weight in 30 days after hypophj'^seotomy. Perla 
[1935] notes that the most striking immediate change which occurs in the 
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adrenal cortex after hypophj'sectomy is liaemorrliage into the reticularis, 
the cells of which become vacuolated and swollen. Occasionally, where 
haemorrhage is less intense, the inner cortical cells appear shrunken. 
Haemorrhagic changes, according to Perla, precede cellular atrophy. 

Our ovm findings, as shown in Table XXIII, agree with the observation 
that the decrease in the size of the adrenals after hj’pophysectomy is due 
to cortical involution, and the extent of involution that occurred in our 
animals was closely similar to that noted b}' Cutulj'. The adrenals, how- 
ever, were removed too long after h 3 ’^pophysectom 3 ^ to demonstrate the 
immediate haemorrhagic changes described bj’^ Perla. 

Differentiation of the adrenal cortex into its normal zones, as originallj- 
observed by Smith [1927, 1930], is difficult after hj’pophvsectomj’. The 
fully involuted adrenal cortex is a relativch' narrow cap to a health^’ 
medulla. It is divided into three zones, of which the middle is the narrowest. 
The outer zone consists of short columns of cells with round nuclei, scantj- 
cj'loplasm and indefinite boundaries. The middle narrow zone consists of 
verj' tightly packed cells with deep blue-staining irregular nuclei and with 
indistinguishable C 3 ’’toplasm and cell boundaries. The inner wide zone 
stains vcr 3 ' lightl 3 % and consists rnainh’ of degenerated cells .separated 1 ) 3 ’ 
rclativcl 3 ' wide spaces, dilated sinusoids, and collections of old blood pig- 
ment. No juvenile colls are to be seen in the ])crii)heral parts of the 
medulla. The capsule of the gland is rclativch’ thick. 

In comparison with a normal gland the outer zone would npj)car to be 
the glomerulosa, and the middle zone the decpl 3 ' staining cells wJiich 
usually intervene between the glomerulosa and the fasciculate. In size the 
outer cortical cells arc similar to normal glomerulosa cells. The inner 
degenerated cells would seem to repre.'^ent the zonae fasciculata and reticu- 
laris together. 

The adrenal glands were removed from .5 spaved and h\-po]ih 3 'sectonnze<l 
rats during the oostrous phase of an artifici.al threshold cvole, and from 5 
during the diocstrous jdiase. The incaTi interval between livp'i])hv.‘-ee{omv 
and removal of the adrenals was the same in both grou])';. The syweimen' 
Were seriallv sectioned aiid measured iTi the .‘-ame wav as the other glands 
described above. 'J'he number of ilata are too few for staiistie.al anrilvsis. 
but l'nble NXlll gives the mean vahies obtained in eonijinri-on uith the 
mean values for siiaved. but otherwise normal animals, in the (>'--trons n!id 
dioestnuis ]ihases (tf (hresbohl artifieial eveh-s. 

('oinparisou of the figures in the first f.\o eohnnns ef T.ible N X 11 1 ■•br,u . 
that the adrenal glmul iluetuate- in sire during artifi' i d thr* I. ’’ I evrh jn 
hvpeiihy-ectiiinired-.sjiaved aiiimah in the i-ne in ri'-n.t.y;.,; ;.*, - 

se( teiui'.'!'il -vji;iyed animals. Tiie <;.it.a abo d' me:.' t r.ge the . - 
degns' of iiuolu'.ien th.at o-.u!-' in th.c adri:::!- t "-,.-. 
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Unfortunately, owing to their very poor definition it was impossible to 
measure satisfactorily the size of the cortical cells in the hyiDophysectoraized 
animals, and it was also impossible, because of their profound alterations, 
to follow changes in tlie various zones. The dimensions of the outer cortical 
cells in the adrenals from the hj^poplij^scctomized animals were, as noted 
above, similar to those of normal glomcrulosa cells. 


Table XXIII. Mean values for dimensions of adrenals in oeslrous and 
dioestrous spayed and spayed-liypopliysectomized rats 


Body-woight 
Adronnl-woight 
AWjBW ratio 
Adrenal volume 
Cortical volume 
Medulla volume 


Hypopliysoctomizcd-spayed 
rats 

Oestrus 


Spayed rats 

Oestrus Dioestrus 

178-4 g. 


135-0 g. 
17-2 mg. 
12-05 
7-93 mm. 

0- 05 mm. 

1- 28 mm. 


Dioesf.rus 
124-4 g. 

13-0 mg. 
10-44 
7'75 mm.“ 

0- 54 mm.“ 

1- 21 mm.^ 


177-0 g. 
54-45 mg. 
30-75 

25-95 min. 
24-08 mm. 
1-27 mm. 


47-10 mg. 

20- 49 

21- 91 mm. 
20-73 mm. 

1-18 mm. 


It is of interest that threshold oestrogenic stimulation did not lead to an 
increase in the size of the adrenals of the hypophj’-sectomized animals. As 
noted above, it did m the non-h3'-poph3’^sectomized animals. This observa- 
tion lends weight to the view that the effects of oestrogenic stimulation on 
the adrenals are mediated through the anterior lobe of the pituitary 
In so far as the effects of oestrogenic stimulation on the adrenal cortex 
are dependent on the presence of the pituitary, this , observation also 
corroborates the view that the cyclical changes which occur in the adrenals 
during the threshold artificial cycle are not due to injected oestrogen. 

Discussion 

The data which have been analysed above show that the adrenal cortex 
of spayed rats Avhich are injected vdth daily threshold doses of oestrone, 
undergoes cyclical fluctuations in size, in periods of approximately 5 days. 
Considerations that have been advanced indicate that these changes are 
not due to the cumulative action of the injected oestrone. Since they take 
place in the absence of the ovaries, it is unlikely that the approximatel3' 
five-day cycle which occurs in the size of the adi’enal cortex during the 
normal oestrous C3'’cle is merely a reflection of the cyclical changes that take 
place in the gonads. 

It has also been shown that the adrenal changes continue after removal 
of the pituitary, through which it has been demonstrated oestrogens in- 
fluence the adrenals. The evidence available thus far suggests, therefore, 
that, due to what for the moment must be described as an ‘inherent 
rhythm’, c3'^clical changes take place in the adrenals in period with the 
pliases of the normal oestrous cycle. 
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Tliese changes are correlated mth the periodic appearance of oestrus in 
spayed rats that are injected -svith threshold doses of oestrogen, in the same 
Avay that the adrenal changes -n-hich take place in the normal animal are 
correlated with the normal cycle of changes in the accessory reproductive 
organs. As already indicated, it would seem that the adrenals have a 
direct influence on the accessory reproductive organs. 

Three possible mechanisms have been suggested te explain the nature of 
this influence. The flrst is that cyclical acti\dty of the adrenals leads to the 
cycUcal hydration and dehj^dration of the reproductive tract and that such 
changes determine variations in the responsiveness of the organs to oestro- 
genic stimulation. At present there is no direct evidence which supports 
such a view ; the problem is, however, amenable to experimentation. 

The second possibility is that the adrenal cortex produces a sub-thres- 
hold amount of oestrogenic hormone, the amount produced varying cj'cli- 
cally and becoming greater at times of oestrus. The effective oestrogen 
acting on the reproductive tract of a spaj-cd rat injected daily with thresh- 
old doses of oestrogen would thus be the introduced oestrogen supple- 
mented daily by the oestrogen produced by the adrenals. Either source 
alone would he insufficient to produce oestrous changes in the accessor^' 
organs, whicli would occur when the adrenal cycle of oestrogen production 
was at its peak. Tlie fact that the adrenalcctomizcd-spnycd animals in our 
series gencrallj' required more ocstronc to produce an ocstrou.s reaction in 
the vagina supports this view. Another fact which lends it support is the 
observation that oestrogenic hormone can be extracted fro7u the adrenal 
cortex [Engclhart, 1030; Callow & Parkos, 1030; Rcall, 1930], and that 
normally the adrenals arc probably the som-cc of the oestrogenic hormone 
which is found in thcurinc of gonadectomized men and women [Parkes, 1937]. 

The third po.ssibility is that the adrenal cortex cyclically jirodnccs andro- 
genic and/or progestational hormone, and that this endogenous hormone 
neutralizes the effect of the intro<luced hormone during the dioestrous 
])hnso of the artificial threshold cycle. Alternatively, such hormone may be 
liroduecd continuouslv but in amounts which varv cvciieallv. In faviuir of 
this view is the fact that both androgenic and ])roge<tationri! hormone c.nn 
be extracted from the adrenal cortex [Callow A: P.'irkes, C.illow, 

1938; Reall A: Reichstcin, 1938] atid that the acln^nal cortex re-j>on'-ih!e 
for the androgenic hormone n Inch is found in the nrine of gon nh-i tojinV,.,! 
men and women [Parkes. I‘.t37]. I'urt her investigation i- rvqnind tod- .-id'- 
which, if any. of these j>n---ible meehnni-ms the dotorminini: 


St'MM.cr.Y 

1. The .adrenal nl.-nid-. of lo nitrtnal <v-.tron- .ir.d 1" r.orrr .! di- 

rats, of 10 siiaye*! r.its in th.e (••■•■tmu-. phr.-o, ;,nii of In jrj ;r.- ,;i 
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phase of an artificial threshold oestroiis cycle, and of 10 spayed rats after 
14 daily injections of 50pg. of ocstrone started the day after the operation, 
and of 10 untreated spayed rats 15 days after gonadectoniy, were studied 
by quantitative methods. 

2. Body-weight did not differ significantly in the ocstrous and non- 
oestrous animals of aity exjicri mental group. Analysis showed, however, 
that bodj^-weight increases after spa3dng and that the increase is inhibited 
bj'^ large, but not bj' threshold doses of oestrone. 

3. Mean adrenal-weight is consistently greater in the oestrous than in 
the non-oestrous animals of each grouj), the differences being significant in 
all but the third. This finding indicates that the adrenal increases in size 
not only during normal oestrus, but also hi the oestrous phase of the 
artificial threshold cycle. 

4. Adrenal-iyeight is jDOsitively correlated with bodj’^-weight, and the 
differences between the adrenals in the oestrous and non-oestrous animals 
of each group appear greater when thej’^ are expressed as adrenal/bod}'- 
Aveight ratios. 

6. Similar differences occur between the mean values obtained for 
adrenal volume in the different groups, V'hich is correlated ivitli bod}’’- 
Aveight and Avith adrenal-Aveight. 

6. Analysis of the change sIioaa's that the adi’enal medulla remains more 
or less constant in the oestrous and non-oestrous phases of each group, and 
that the hicrease in the size of the oestrous adrenal is due to groAidh in the 
cortex. 

7. The mean adrenal size of the 10 animals Aidiich receiA^-ed no treatment 
in the fortnight after spaying Avas significantly greater than normal. The 
change is due to hypertrophj'’ of the cortex. 

8. Estimates of the volumes of the different cortical zones indicated that 
the increased size of the adrenal cortex at oestrus, both in the normal and 
artificial cycle, is due in greater part to changes in the zona fasciculata. 
The degree of change in the zona glomerulosa is less than in the zona 
reticularis. 

9. Cell-size in the zona glomerulosa remains fairly constant diu’ing 
oestrous and non-oestrous phases. On the other hand, mean cell-size in 
the zona fasciculata is significantly greater in oestrous than in non- 
oestrous phases. 

10. Large doses of oestrone ajApear to stimulate an increase in the size 
of the medullary cells. 

11. No significant variation occurs in the estimated number of cortical 
cells in the oestrous and non-oestrous animals of the different groups. 

12. The increased size of the adrenals of untreated animals after spajdng 
is due particularly to growth in the zona fasciculata and zona reticularis. 
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The changes in these zones are due to cellular swelling and not to an 
increase in the total number of their constituent cells. 

13. Threshold doses of oestrone lead to a marked increase in the size of 
the cortex, while large doses have a much lesser stimulating effect. 

14. The adrenal glands of hypophysectomized-spayed rats fluctuate in 
size during artiflcial threshold cycles in the same wa}' as in non-hypo- 
physectomized animals. 

15. Threshold oestrogenic stimulation did not lead to an increase in the 
size of the adrenals of hypophysectomized rats. 

16. It is concluded that the adrenal glands fluctuate in size in a period 
corresponding to the oestrous cycle. The clianges are independent of either 
the anterior lobe of the pituitarj' or the gonads, and in some vray, as j'et 
undetermined, they exercise a direct effect on the accessorj' reproductive 
organs. 

We are much indebted to Dr. K. IMiescher of the Ciba Company for the 
hormones used in these experiments. The animals were bought with the 
aid of a grant to S. Z. from the Jledical Research Coimcil ; tlie work was also 
supported by a grant from the Nuffield Medical Committee, Oxford. 
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THE EFFECT OF DESOXYCORTICOSTERONE 
ON THE ENDOMETRIUM OF MONKEYS 

By S. ZUCKER]MAX 

From the. Department of Htiman Anatomy, Oxford 
[Received 25 Jtily 1940) 

The fact that the properties of progesterone and desoxycorticosterone 
overlap is indicated on the one hand by experiments which show that 
progesterone produces some of the specific effects of desoxycorticosterone 
and on the other by experiments which demonstrate that desoxycortico- 
sterone has a progestational effect on the endometrium. In the first case it 
has been shown; (a) that progesterone prolongs the life of adrenalectomizcd 
animals [Gaunt& Haj's, 1938, working on ferrets; Gaunt, Nelson & Loomis, 
1938 ; Bourne, 1939 ; Schwabe & Emerj', 1939 ; Tobin, 1939 ; Greene, Wells, 
& Ivy, 1939, all working on rats; Core}’, 1939, working on cats], an obser- 
vation which explains the longer surv’ival time of animals adrenalectomizcd 
in pregnancy or pseudo-pregnancy [e.g. Rogoff & Stewart, 1927 ; Swingle, 
Parkins, Taylor, Hays & Morrell, 1937 ; Gaunt & Hays, 1938] and of adrcna- 
lectomized animals treated with luteinizing hormone [D’Amour & D’Amour, 

1939] ; (6) that progesterone causes water and salt retention [Thorn, Nelson, 
& Thorn, 1938]; and (c) that progesterone, like cortical extracts, leads to 
cortical involution [Clausen, 1940]; progc.stcronc. however, unlike cortical 
hormone, does not affect the work-capacity of adrenalectomizcd dogs and- 
rats [Waterman, Danby, Gaarenstroom, Spanhoff k Uyldcrt, 1939 ; Ingle, 

1940] , In the case of the progestational jwopcrtics of cortical hormone it 

has been shown that desoxycorticosterone acetate produces a jirogesta- 
tional reaction in the uterus of the rabbit in doses of .7-10 mg, (i.c. .7 to 10 
limes as much as the required amount of progesterone) [Miesehcr, I'i'^chcr 
I'i' Tsehopp, 1938; dc Frcmcry & Spanhoff, 1939; RoI)=on, 1939; Heuver- 
swyn, Collins, Williams, & Gardner, 1939], and in the cat [lycathem it 
Crafts, 1910]. Like ])rogcstcrone, desoxycorticosterone is al-o ahle [a) to 
maintain ]ircgnancy in sjiaycd mice and in sjiayed and hyiK)j)hysf ctoinired 
rabbits, [it) to sujijtrc.ss the resjKmse of the rabbit iitorus to jiituitrin, (c) to 
snjqiH'ss the oestrons cycle in mice and (d) to inhibit the crrecls of 
(Itobsdii. I!>39]. Dc'-oxycorticostcrone has aba be^n claimed to ive w. aklv 
(«'-.triigcnic [Heuverswyn. d al, 193t>; .‘'.almen. 1939]. a’ld .aJidroc' :'.;;' 
[Hook<T it: (\>!!ins, I'.Mo]; tlie latter cimcbi'-ion. iso'-x ever, -y- r.-. i bv 

(In'i'iic iV Biirrill [l 91 o]. 

In UTx carlcr --tuily [Zxic];crin.an. 1939] i! \\ .a-- rej- 1 ar,'- .-.m. i 

of x'lanmereial ee-'.ie.d cxtr.ut' xxerc nn.ab’.c r< '...i;; in tb'- - \': .’ ‘■bl-i t.f 
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pig-tailed monkeys [Macaca ncmestrina) water that liad deposited there as 
a result of oestrogenic stimulation or, in five experiments, to inhibit or 
delay the uterine bleeding that normally follows the cessation of oestro- 
genic stimulation. The latter finding imifiied (although it did not prove) 
that the cortin had failed to induce a progestational reaction in the uterus. 
The following ten experiments were therefore earried out with desoxy- 
corticostcrone acetate to test tliis point, and to discover whether, lilce the 
extract, the ciystalline horjnone is unable to delay oestrogen-withdrawal 
uterine bleeding. 

Expickimental 

Five mature sjiaj^ed monke 3 's (M. mvlatta) were used in these experi- 
ments, details of which are given in Table I. All injections were made 
intramuscularly in oil solution. Dail}^ vaginal lavages were made to deter- 
mine the occurrence of uterine bleeding. 

In each experiment oestrone Avas given daily for 14 days in the amounts 
indicated in Table I. From the 15th day onwards until uterine bleeding 
occurred, desoxycorticosterone acetate was given daily. In four experi- 
ments, 422.21, 419. 19, 217. IG and 427.27, the injections of desoxj’’cortico- 
sterone Avere not continued until oestrone bleeding occurred. In the first 

Table I. The occurrence and inhibition of post-oestrogen bleeding after 
desoxycorticosterone inj ect i ons 


Dosoxycorticostorono 
Oostrono given given from day 15 
days 1-14 onwards 


Exp. 

No. 

Daily 

Total 

Daily 

Days 

Total 

Result 

Duration 
of bleeding 

419. 17 

(Pg-) 

50-300 

(mg.) 

2-7 

(mg.) 

5 

11 

(mg.) 

55 

Bleeding on 20th day 

(days) 

5 

217.15 

10-200 

1-3 

5 

11 

55 

„ „ 20th „ 

5 

422.18 

20-100 

1-04 

5 

11 

55 

„ „ 26th „ 

6 

422.19 

20-100 

1-04 

10 

13 

130 

It 1, 28th ,, 

5 

422.21 

20-100 

0-78 

40 

28 

1120 

Hysterectomy 43rd day 

— 

419.19 

20-50 

0-58 

10-20 

9 

140 

Autopsied on 24th day 

— 

217.16 

20-50 

0-58 

20 

27 

540 

Blooding and hysterectomy 

— 

427.26 

10-25 

0-27 

10 

11 

110 

on 41st day 

Bleeding on 26th day 

6 

429.23 

10-25 

0-27 

10 

14 

140 

,, 29th „ 

6 

427.27 

10-25 

0-27 

15 

26 

390 

No blooding by 40th day 

— 


and third of these four exceptional cases a sub-total hysterectomy AA'as 
performed, under nembutal anaesthesia, on the 43rd and 41st days of the 
experiment respectiA’'ely. In the second exceptional case the animal Avas 
autopsied on the 24th day. In the fourth injections AA^ere discontinued on 
the 41st day. 

The specimens of uterus obtained in this Avay Avere sectioned at various 
levels and stained Avith iron haematoxylin and eosin, haemalum and eosin, 
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iron haematoxylin and Van Gieson’s stain, and bj' Masson’s iron-haema- 
toxylin-ponceau-light-green stain. 

Results 

The interval before uterine bleeding in spaj^ed rhesus monkej^s given 
amounts of oestrone similar to those administered in the present experi- 
ments does not vary significantly (means between 6-5 and 11 -5 da 3 *s 
[Zuckerman, 1937]). It will be seen from Table I that the occurrence of 
uterine bleeding was not significantly delayed in any of the animals given 
5 or 10 mg. of desoxycorticosterone daily from, the 15th daj’^ of the experi- 
ment onwards. This result agrees with that of the experiments carried out 
with cortical extracts. From these experiments it is apparent tliat even 
when the total amount of desoxycorticosterone given is more than 100 
times that of the oestrone administered, the former is unable to prevent 
the uterine bleeding that normally occurs after cessation of oestrogenic 
stimulation. 

In three cases, experiments 427.27, 217.10 and 422.21, larger doses of 
desoxycorticosterone were given, in the first 15 mg. dailj’, in the second 20 
and in the third 40. In all three the occurrence of uterine bleeding was 
significantly delaj'cd. The animal used in the second of these two experi- 
ments was hysterectomized on the 41st da}' of the experiment. Micro- 
scopie examination (see below) shows that its uterus had been removed on 
the first day of uterine bleeding. In the third experiment the animal's 
uterus was removed on the 43rd daj' of the experiment. Tlic endometrium, 
as is also shown below, had undergone progestational difierentiation and 
showed no sign of breakdown. 

Three specimens were available for histological examination. Tlie first 
(•119.19) was removed on the 24th da}* of the experiment after the animal 
had been given a total of 140 mg. of desoxj’cortieostcrone acetate over a 
period of 9 daj's. Figs. 1 , 2 and 3 (Plate I) .show the remarkable appearanre 
of its endometrium. Jlost of the glands are more dilated and nuieh more 
tortuous than is usual in animals that have been given oe-trogenic liorinone 
alone. Tlic stromal cells arc more or le.'^s iinifnrinlv packed tlirongliont the 
endometrium, some arc in proec.^s of division, and there i< nlativclv little 
oedema. 

1 he surface epithelium is composed of ine<iium-si7,ed. hen]>ed cohiinnar 
cells, the free margins of which are covered with globules of secretion. 
1 heir ciline are not distinct. 

1 he glandular epithelium is tvpieallv t.all columnar, tlic Ioult f>va! !■•,!( It : 
oeeiipyiiig about half of the cells, which are u-uallv i iliate i. Nun.'-r’c;- 
mil<itie figures an' to he observed in the glaniiul ir i pitl.eliutn, 

I he alnvonnal featun'~ of tbeendom'-tri'am »'f thi' .'m- :.v f ’’ ^ . 
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In several places the lining of the glands has become folded and in- 
vaginated into the lumen or evaginated from their mouths in the form of 
long processes extending into the cavum uteri. In some an invaginated 
fold of epithelium appears ns an C2)ithclial tube l^dng within the main 
lumen of a gland, and in otliers ‘invaginations’ have occurred into the 
‘secondary included gland ’ to form yet another apparent tube within the 
original gland lumen (see Plato I, Figs. 2 and 3). In these cases tlie lining 
cells of the inner tubes ajjjicar to be completely healthy and are ciliated. 
Their only obvious differences from the basal colls of the glands in which 
they occur is that they usuall}’- stain more deeply and that they are more 
tightly imcked. 

The evaginations from the mouths of the glands into the cavum uteri 
(Plate I, Fig. 1) take the form of tongue-like growths in which the epithe- 
lium is folded in a complex wa 3 ^ In some cases tlie projections, which 
consist entirely of epithelial cells, apjiear as glands within glands. In other 
cases the folding of the epithelium of the glands within the endometrium 
takes an even more complex form. 

The cavum uteri is cr 3 ’pto-bicornuate, the main lumen dividing into two 
in the fundus. The glandular folding occurs in the upper part of the body 
of the uterus and extends into one of the horns ; it is absent in other parts 
of the uterus. It is also completely restricted to the posterior part of the 
endometrium. 

The second specimen (217.16), which was removed from an animal that 
had been injected for 27 days with 20 mg. desox 3 '^corticosterone acetate 
daily, has an entirely different structure (Plate II, Figs. 4, 5, 6). The 
endometrium is deep and its glands consist of narrow tubules identical 
with those which are characteristic of the interval (oestrogen) endometrium. 
The glands are fewer in number than in the previous specimen and are tor- 
tuous only in their deepest parts. None shows any sign of progestational 
differentiation. The endometrium is in an early phase of interval bleeding. 

The stroma is denser towards the cavum uteri and is somewhat oedema- 
tous in its deeper parts. There are very few mitoses in the stromal cells. 

The surface epithelium consists of a smgle layer of regularly disposed, 
medium-sized columnar cells, whose oval nuclei occupy the greater part 
of the cells. There are numerous mitoses in these cells, and mitoses are also 
to be seen in shed epithelial cells. The stroma beneath the surface epithe- 
lium is disorganized by large lakes of blood, which in places have disrupted 
the surface epithelium. 

The glandular epithelium consists of taller columnar cells with basalty 
disposed oval nuclei. The free borders of the cells are usually covered with 
droplets of secretion, and in some places they are ciliated. Numerous 
mitotic figures occur in the glands. 
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The third specimen (422.21) -was removed for microscopic examination 
from an animal vhich had been injected for 28 days vith 40 mg. of des- 
oxycorticosterone acetate daily The structure of the endometrium is 
completely different from that of the other two specimens and in places 
demonstrates a typical progestational reaction (Plate III, Figs. 7, 8, 9). 
Thus the glands to both lateral aspects of the cavum uteri are widely 
dilated, tortuous and sacculated. The epithelium of the sacculated glands 
has in most places undergone a tjqiical progestational change. The nuclei 
of the cells are relativel}' small and basally disposed, and their more super- 
ficial cytoplasm is clear and vacuolated. They differ from typical pro- 
gestational cells in so far as their free borders are clearl}' defined, and not 
in the form of fringe-like processes of .secretion pointing into the lumina. 
In many glands cellular differentiation has proceeded irregularlj' and a 
patch of progestational cells is found lying adjacent to a patch which is 
still in a condition characteristic of oestrogenic stimulation. The glands 
immediately anterior and posterior to the cavum uteri are mostly straight, 
but they are more dilated than is usual in an interval endometrium. 

The surface epithelium consists of irregularly arranged low columnar 
epithelium, whose basally disposed nuclei fill the greater part of the cells, a 
few of which are in mitotic division. Patches of these cells are also en- 
countered Avhich have undergone progestational secretory differentiation. 

The epithelium of the straight posterior and anterior glands is mostly in 
a typical interval condition ; a few mitoses were observed in these cells. 

The stroma is very oedematous and vascular, dilated capillaries occur- 
ring in many regions and particularly in the superficial zone. In addition 
to dilated vessels, numerous .spaces are found in the superficial stroma 
filled with polymorphs and large monocytes. Other verv' large cells which 
ap{)ear in these .spaces have non-staining cytoj)lasni, and round nuclei 
which occasionally have an eosinophilic patch adjacent to them. Occa- 
sionally, too, red blood-cclls arc found in these spaces, a finding which 
suggests that these collections of blood-cells indicate an inhibited pha=c of 
dcrino breakdown. 


.St'MM.VUV 

Dosoxycortico-'toronc acetate, in daily injections of nr lo lug.. 
unable, like commercial extract's of cortic.al hormone, to inhibit or tb'lav 
oc'-trogen-withdrawnl uterine bleeding iti m.'iturc spaycl nio:ik<-\-. In 
larger amounts (1.", 21) or -tO mg. daily) uterine blc<‘ding i- :!'.!;ibit<d. ( )f 
thu'c specimen'- removed after treatment with <!■•- i,\_\ .-I'rt'.' o-t. r.in'- on!',- 
one --howa'd a tyj'ical ])rogc-station:d n'-actiu!!, Ti-,'- .itiinv'.; fr ir;; 'ni- i. 
si"-iimcn was taketi had been given 112" tug ofde-- xv- In 

lie .I'.d tlu' uterus was in uti itit'-rval e, .nd.it:-:', ni < t t;.-- ad;;.:;.:- 
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stration of 540 mg. of cortical lionnonc. In the third, wliich was given 
140 mg. of desoxycorticosterone, the endometrium was abnormal. Many 
of the glands were more tortuous than usual, and in one region of the 
uterus the e])ithelium of almost every gland had invaginated into, or 
evaginated out of, the individual glands. 

A similar transformation of the endometriinn has not been observed in 
any one of the several hundred experimental rhesus monkeys which have 
been studied in this laboratory. 

For the hormones used in these experijnents I am much indebted to 
Dr. K. Miescher of the Ciba Conlpan 3 ^ The animals were bought with the 
aid of a grant from the Medical Reseai’ch Council and the Avork was also 
supported b}'^ a grant from the Nuflield Medical Committee, Oxford. 
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Note added in proof 

In a recent paper Speert [1940] describes three experiments tvliich 
suggest that desoxjrcorticosterone acetate is oestrogenic in tlie rhesus 
monkey, in so far as it may increase vaginal desquamation, cause sexual- 
skin coloration and stimulate lobule-alveolar grov'th in the mammary 
gland. 

Speert, H. [1940]. Bidl. Johns Hopkins Hasp. 57, 189. 
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!■/«. I. IxD«*-powor View ( X 30) ofondornctrium of -119.19. 
Cro^s-f^clions of epithelial outgroxrths from the glands 
are to l>e scon in the cavum uteri. 



Fin. 2. Eccentric folding of glandular opithMium 
on posterior part of endometrium of 419.10. 
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'lo. 4. Low-powor v’iow ( X 10) of ondomotriiim of 
lonkoy (217. IG) which hnd been given 5.10 ing. of 
osoxyoorticostorono neotnto. Tlio cncloinotriuin is 
\ a typical interval condition and in an early plmso 
of bleeding. 


Kio. 5. Higher-power view of 217.1C (X 78) showing 
lake.s of blood in the superficial zone of the ondomo- 
triiim. 
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Fig. 0. High-powor view of gland in 217. 1C (X 530) showing 
typical interval condition and two mitotic figures. 


JOTOXAL OF EXDOCKrXOLOGy, Voi,. 2, Nos. 3 & 4 
S. ZUCKER5LAN 


PLATE m 







THE INFLUENCE OF THE PLACENTA ON THE 
CORPUS LUTEUM OF PREGNANCY IN THE 

MOUSE 
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From the National Institute for Medical Research, London, and the 
Department of Physiology, University College, London 

(Received 31 July 1940) 

Experimental studies of pregnanc 3 ’- in laboratory animals have sliovn 
that if the placentae are left attached to the uterus while all the foetuses are 
removed, the functional activity and histological structure of the corpora 
lutea are maintained. Klein [1933] performed the operation on the rabbit 
and repeated it subsequently on the rat [Klein, 1935 a, 6] and on the 
golden hamster [Klein, 1938]. Similar experiments in the rat were carried 
out by Selye, Collip & Thomson [19356] and certain results of placental 
retention in the mouse were described bj' Newton [1935]. Newton & Lits 
[1938] showed that most of these results necessitated the simultaneous 
presence of the ovaries. Newton & Beck [1939] have since shown that the 
pituitarj' gland can be removed vithout materiallj' affecting the results, 
and consequently a relationship in which the pituitarj’ is not concerned 
exists between the placentae and the ovaries. Hj'pophyscctonn', unlike 
ovnricctomj', commonl}- docs not precipitate abortion cither of the total 
products of gestation or of the retained placentae in the mouse. 

The present note describes experiments in which a particular stud\' was 
made of the corpora lutea of pregnanej' in relation to the retention or 
otherwise of the placentae after foetal destruction. 

Experimental 

The majorit}’ of the mice were lu'poplu'.sectomized on the 12th dav of 
l>regnancy and killed on the 19th da\'. The method etnploved for hvpo- 
pliy.ccrtomy was that of Thomas [1938] which effects complete remrival 
exeept for a fragment of stalk where it fuses with the hyjiothalamus. 'rhis 
fragment carries a lax'cr of cells of the pars tul>enilis [\V. H. Newton A 
E. (!. Uiehanlson. 1911]. There is m* liamnce to the hyp<^>th.!lamn', 
but accidental injury is sometimes tlone to the inetlulla wiilmut anv 
ajiparent effect on the animal. 

I'mUal devtruction, by rnjiture of amnion [Newt«in, 193'] v.a- carri'-d 
out on the 12th <hiy of jiregnancy and in 9 hypophy,'Cc‘,iiT!'.i,'-“l c.ninn'-- t’.'' 
plat'cntat' were n‘taine<l till the lime for Jcillin.':. In 7 hyp>ph\.-' 1 

animal'; del.nchment of the j'laia-nl.a ftaun the ntcrij'.e -.•.all ll." I',';;; d'V. 
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or abortion between then and the 17tli day, i)rovided a series of mice 
laeking placentae for various intervals up to a week before killing. The 
ovaries were fixed one in Bonin’s and the other in Flemming’s fluid. The 
corpora lutea were compared as to size by making serial sections of 
the ovary and taking the mean of the two largest diameters ])crpendicular 
to each other of one or more of the largest corpora lutea. Sections were also 
cut from the ovaries of normal control animals 12 and 18 da 3 ’-s pregnant 
respectivelj^ and from non-h 3 ' 2 )oi)h 3 'scctomizcd animals subjected to foetal 
destruction on the 12th da 3 '^ and canying retained j)lacentac till the day of 
autops3^ 

Results 

Table I shows that there was an obvious difference in the size of the 
corpora lutea betv'cen the mice with retained placentae and those without 


Table I 







Dinm. 

Serial 





corj)iis 

No. 390 


Condition of mouse 



lutcum 






(tO 



(1) Normal and non-hypophysectomized 




510A 


Normal 12tli clay pregnancy 



820 

515A 


»» 18th ,, ,, 



900 

r)15B 


>. 18th ,, „ 



910 

511D 


Foetal destruction 12th ciny pregnancy ; killed ISth 

day 


1064 

CllG 


„ „ 12tb „ „ ‘ „ 18th 

»♦ 


1008 



(2) Ilypopliyscclomizcd, trith retained jdaccniac 




lllB 

(G) 

Foetal destruction and hypophysoctomy 12tli day; 

killed 19th dav 

952 

112D 

(I) 

„ „ „ 12th „ 

19th 

♦ > 

910 

117A 

(J) 

» „ .. 12th „ 

„ 19t.h 

»• 

952 

117B 

(K) 

„ M 12th „ 

„ 19th 

>» 

900 

1170 

(L) 

„ „ „ 12th „ 

„ 19th 


880 

124C 

(X) 

», ,» 12th ,, 

„ 19th 

>» 

890 

51CA 


„ „ 12th „ 

„ 18th 


1008 

G14A 


». ,» 12th ,, 

„ 18th 


1008 

C21A 


,* i» 12th 

„ ISth 


940 



Average (9 mice) 


939 



(3) liypophyscctomizcd ; placentae removed or expelled 




112B 

(H) 

F.D. and hypo. 12th day; abortion during 17th; killed 19th 


720 

IlOA 

(0) 

„ „ 12th „ „ „ ICth; 

, 19 th 


002 

124B 

(R) 

„ „ 12th „ „ „ 14th; 

, 19 th 


592 

117D 

(P) 

„ „ 12th „ „ „ 13th; 

, 19th 


528 

124A 

(Q) 

„ „ 12th „ „ „ 13th; 

, 19 th 


530 

119A 

(S) 

Uterus evacuated 12th day; hypophysoctomy 13th; 

killed 19 th 


472 

122A 

(T) 

„ „ 12th „ „ 13th; 

„ 19th 


570 



Average (7 mice) 

575 


The letters in brackets after some of the sei-ial numbers refer to the ciesignntion given to 
the same mice by Newton & Book [1939]. 
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placentae. In the former group the corpora lutea were as large as in 
unoperated 18-day pregnant mice, and hjrpophysectomy had not interfered 
Anth their normal growth in the second half of pregnancy. In section they 
shoAA'ed no signs of premature regression. In the other hypophysectomized 
mice, however, similar in all respects except for the absence of placentae, 
all the corpora lutea of pregnancy were obviously shnmken and showed 
the usual histological signs of regression (Plate I, Figs. 1-3). 

The number of placentae present in groups (2) and (3) ranged from 1-9, 
but no constant correlation was found between their number and the size 
of the corpora lutea. It may be noted, however, that in the three mice of 
group (3) which retained their placentae imtil the 14th, 16th and 17th days 
respectively the corpora lutea were progressively larger than the average 
of the four remaining mice whose uteri were emptied before the 14th daj-. 


Discussion 


These experiments show conclusively that the placentae in the absence 
of the pituitary gland can maintain the groAvth and acti\nty of the corpora 
lutea of pregnancy presumabl}’^ through an endocrine secretion. The 
problem of whether this resembles one of the knowm sex hormones or 
gonadotrophic secretions has already been considered by various Avriters 
Avithout any definite conclusions being established. Of the OA-arian hor- 
mones, progesterone can almost certainly be eliminated as the cause of 
maintenance of the corpora lutea, although there is some CA'idcnce that 
this substance or a similar one may be secreted by the placenta [Selyc, 
Collip & Thomson, 19356; Haterius, 1930; McKcoAA’n &; Zuckerman, 1938], 
Experiments suggest that the effect of progesterone on the ovnr\’ i.s often 
inhibitory; it causes the disappearance of corpora lutea from adult non- 
pregnant mice [Scl 3 -c, 1939] and it does not maintain the corpora lutea in 
rabbits hj’pophj-scctomizcd in the first lialf of prcgnani- 3 ’ [Robson, 1937a]. 
On the other hand, definite evidence is aA’ailable that oestrogens can both 
enlargcand maintain existing corpora lutea. Hohlwcg [193-1], Wolfe [193.7]. 
and Solve, Collip &. Thomson [193.5a] all found that oestrogen injections 
caused tlio production of enlarged corpora lutea, .similar to tliose of j)reg- 
nanej’in the non-jiregnant rat. Allen & Hcckcl [1930] found that oestrogens 
prolonged the functional existence of corpora lute.a of pseudo-jirr'gnaney 
in the rabbit, and WcstmaTi A' .T.acobsohn [1937] and Roh-DU [19376] 
confirmed this finding in the liA'jKijdiA'i^ectomized p-'endo-pregnant rabbit 
Later Ueekel A .-Mien [1939] showed that fairlv large of <v'itrog''n 

mjoetod into the rabbit tt)wards the end »if pregnancA' rau^-'-i ijnir.' hat'' 
di'ath of the fi>etuses and degenerative changes in the pla's'nta'- hut te.-vir;- 


tamed the eorpor.i lut<'a of jiregnatjcA' and so inhibit''! parlur:?i"n. In 
light of these exjH'riments .and thos-' ««f oth.er worker-. .Mb r. H' 
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consider tliat tlie placenta causes the corpora lutca to persist tlirougli its 
production of oestrogenic liormoncs, Sclye and his collaborators believe 
that their experiments show that relatively large quantities of oestrogens 
circulate during the second half of j^rcgnaiicy in the rat [Scl 3 ^c, Harlow & 
McKeown, 193/5], but the}’’ attribute the maintenance of corpora lutea of 
pregnane}’' to placental gonadotrophic hormone. In the pregnant mare, 
however, the appearance of gonadotrojjhic hormone in the scrum coincides 
with the production of fresh corpora lutea of thecal origin, and the original 
corpus luteum of prcgnanc}'^ disappears long before jiarturition [Cole, 
Howell & Hart, 1931 ; Kimura & Lyons, 1937], Experimental work with 
known gonadotroi)hic hormones, moreover, indicates that they commonly 
have an adverse effect on existing corpora lutea either directly or through 
their activity in stimulating the formation of new ones [Bunde & Creep, 
1936; Creep, 1938], Eurthermore, Selj’C, Collip &; Thomson [1934] call 
attention to the significant fact that Avhereas after hypophysectomy thecal 
deficiency cells in rat ovaries can be prevented from appearing by the 
known gonadotrophic hormones, 3 ’et these cells are seen after hypophysec- 
tom}’’ in pregnane}'" in spite of Avliatever secretion maintains the corpora 
lutea. They therefore conclude that in rats the gonadotroj^hic hormone of 
the placenta is different from the known gonadotrophic hormones. This 
conclusion Avas reached indei^endently by Astwood & Creep [1938] who 
produced an extract from rat placentae which maintained the function of 
the corpora lutea of the pseudo-pregnant rat after hypophysectomy, but 
gave negative results in all the usual sex hormone tests. 

Obviously the experiments recorded above throAV only a partial light on 
placental activity. In mice some of the results of placental secretions 
depend on the presence of the ovaries and probably on functional corpora 
lutea (e.g. suppression of oestrus, mucification of the vagina, and parturi- 
tion at term [Newton & Lits, 1938]), vdiile others, such as the later stages 
of mammary gland development, can be produced independently of the 
ovaries or pituitary gland [Newton & Lits, 1938; Newton & Beck, 1939]. 
Gardner [1936] has shown that ligamentous transformation of the symphy- 
sis pubis, a placental effect for Avhich ovaries are also necessary, can be 
effected by oestrogens, and, though the speed with which this occurs in 
pregnancy indicates that a second factor is involved, it is not yet certain 
what this may be. Maintenance of an abnormal body-weight [Newton, 
1935 ; Brooksby & Newton, 1938] is another placental effect which has not 
yet been correlated with luteal activity. 

SUMMABY 

If the placentae are retained, the corpora lutea of pregnancy in the mouse 
show no reduction in size or cessation of normal growth following hypo- 
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physectomy on the 12th day of pregnancy and destruction of the foetuses. 
Elimination of the placentae causes the corpora lutea to degenerate 
whether or not the pituitary gland is present. It is clear therefore that 
anterior pituitary gland secretions are not concerned in the maintenance 
of mouse corpora lutea in the second half of pregnancy. 
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Newton & Lits [193S] sliowcd that the niammar}’’ glands of mice attained 
full development the end of pregnanej^ in spite of removal of foetuses 
and ovaries a week previously. Newton & Beck [1939] demonstrated con- 
tinued mammary development after removal, at a similar time, of foetuses 
and i^ituitaiy gland. The retained placenta, the onl}'^ common factor in 
these experiments, was therefore established as an important stimulus to 
late mammary development. The only obstacle to regarding it as the sole 
stimulus was the fact that in the lypoplysectomized series, although all 
the glands contained a certain amount of secretion, only a few were en- 
gorged with milk to the point of alveolar distension. This raised the 
important possibility that while the placenta might be responsible for 
growth, the pituitary might be necessary for secretion, and that the 
vigorous nature of the latter in a limited number of the series might be due 
to incomplete h5'^poph5'sectom3^ The heads of two mice had been seriallj’’ 
sectioned through the operative field, but thej'^ had shov^n onl}’’ moderate 
mammary secretion and complete absence of the pituitary v-as to have 
been expected. Too late to be reported in the previous jiaj^er, JEss Beck 
confirmed complete absence of anterior lobe tissue in a mouse showing full 
mammary secretion. 

The object of the present investigation Avas to establish the completeness 
of hypophysectomy by Thomas’s [193S] method, and to obtain additional 
information about mammary development during pregnane 3 ^ Seven mice 
were hypophysectomized on the 12th da 3 '^ of pregnanc 3 '', killed on the 19th 
or 20th day, the contents of the uterus not having been molested, and the 
field of operation and the mammary glands examined. A further 5 mice 
v'ere hyjaophysectomized on the 12th day of pregnanc 3 ’' and allov^ed to 
litter. They AA^ere killed as soon as possible after their litters had died, 
Avhich Avas Avithin 36 hours of parturition, and the state of their mammaiy 
glands compared AAuth that of those in the previous series. Their pituitary 
regions AA^ere not examined. 


Histological Methods 

After removal of the mandible and portion of the parietal bones, the 
heads of the hypoplysectomized mice AA'^ere placed in alcohol-formalin- 
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acetic acid fixative (Bodian) for 24 hours, and then transferred to 1% 
nitric acid until decalcified. A small block was cut from each specimen 
containing that portion of the brain and the skull base medial to the tri- 
geminal nerves and bounded rostrallj’^ by the optic chiasma and caudall^' 
by the rostral end of the medulla. The material was placed in 5% sodium 
sulphate solution overnight and dehydrated in glj-cerine from which it was 
transferred directly to a solution of nitrocellulose (Necol) of approximately 
the same viscosity as the glj'cerine. Four days’ infiltration was found to be 
sufficient for these specimens. The final imbedding in 25% Necol was 
carried out in a paper boat containing a small glass plate on which the 
specimens were arranged side by side to form a single block. In this way 
the pituitary regions from as manj' as 12 mice can be cut seriall 3 ' in a 
single block. Tlie sections, cut at 15/i, were mounted with the collodion 
intact to ensure that an}' loose fragments of glandular tissue did not fall 
from the sections during staining. 

The mammary glands were dissected out and pinned on cork before 
fix.ation in Zcnker-forniol (Kelly). A portion of each fixed gland was set 
aside for fat staining by the osmic acid technique of Hoerr [1931]. 

Experimental Results 
Analomical results of hypophjscciomrj 

Fig. 1 .shows a numbered series of coronal sections through the pituitary 
gland of a normal female mouse. The sections are presented in outline 
only (drawn with the aid of a projector) to show (he size of the whole gland 
and the relations of its parts. They arc 150 /i apart. Fig. 2 shows a .sagittal 
section through the apj)roximate centre of a normal pituitary gland out- 
lined at the same magnification. The stalk is recognizable, and carries a 
layer of tuhcralis cells for .some distance rostral to its fusion with the tuber 
cincrcum, and is visible 150/i anterior to the first section of Fig. 1. 

In the hypoiihy.scctomizcd mice a variable amount of stalk and posterior 
lobe was left, and was fairly accurately assessed by counting caudallv from 
the first section showing fu'-ion of stall: and brain (corresponding to .soctif)n 
•I of I'ig. 1 ) to the last section showing any (race of pituitary tissu's. Table I 
shows that this was between 2-tO/i and 4r>Op behind the point of fn-ioii. 
Figs. 1 and 2 show that a large part of all divi-ions of the gland Mould b'- 
]ir("-ent at this level had the jdane of scvi-ninc' b'^en clean .and p-'rt»^n- 
dienlar. I'or contrast, tlie .actual outline of the O'-idui. lO'ij; r'. tr.il t-p 

their vanishing ]>(>int. .arc shown ;it the s ^n^c inaenifi- at : iti Fig. 5. 

('fhcse shn-ds diminislicii in si^c .^n,} Iv .m!" v.igu'- in p ut'i: '' pa-;']-.! to 
tht' M'l'tip'n tr.ii'c.i ] The tr.icin::- ]>r.>vi‘ th-it t!-" glsr"b h i-.p- b- < •; t-'r;; 
aw.ay along .a line mk-Ii a- tlmt sujx rijnp • '- I on rig, 2 ^'.■;t’; 

titpu. Ill' trail' (if par.- .'int<ri'>T or j'-irs i:it> h . .. !, ; t! ■ 
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Fig. 1. Eleven coronal sections, 150 apart, through the pituitary region of a normal mouse comparable 
in size to those used in the experiments described. 

Sequence runs caudally according to numerals. 15 /t caudal to section 4, the stalk w.as no longer fused 
with the hypothalamus. 

Posterior lobe has dis.appcared in section 11 ; further sections omitted. 

A — pars anterior; M — pars intermedia ; 

P — pars nervosa; T — pars tuberalis. 



Fig. 2. Sagittal section approximately through the centre of the pituitary gland of a normal mouse, com- 
parable in size to those used in the experiments. 

A— pars anterior; C— cj’st in pars tuberalis ; 

P— hypophyseal cleft ; M— pars intermedia ; 

P— pars nervosa; T— pars tuberalis; 

V — cavity of 3rd ventricle. , , • r 

The interrupted line indicates the plane of rupture in Thomas’s hypophysectomy. The scale begins for 
convenience beneath the junction of stalk and hypothalamus. 
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explanation of the direction taken by the plane of ruptru'e is probahlj' to 
he found in the relatively fibrous structure of the pars nervosa. 

The exception, 1212A (Fig. 3), showed the hypophyseal cleft, the inferior 
sxuface of which was outlined by a layer of cells which must belong to the 


Table I 


Serial 

Length post-pit. 

Serial 

Length post-pit 

Ko. 39 

remnant 

No. 400 

remnant 





1211A 

300 

113A 

260 

1211B 

240 

116A 

320 

1211C 

360 

124A 

3S0 

1212A 

460 




Average length = 334 /i ; omitting 1212A = 313/i. 


pars anterior ; its superior surface was formed by little more than a single 
layer of pars intermedia cells, representing an enormous shrinkage of this 
part of the gland (cf. Fig. 1), possibl 3 ' due to lack of blood suppl}'. The 
doubtful vitality and small size of this fragment, rough calculation sug- 



I — I — . — i I I .—I . i__i 

0 Ci Ir-., 


I’JO. 3. OironM Factions jiituilAn* rrmnanl^ ro’-tral to point cf 

a-1211 C; \>-V2U li; c-1212 A; d-lCll A; r— 113 A; f— 110 A; c-l-I A. 

Only r CAnUiin' anytliini’ I'*' 1 ly' 

gosling that it mnj- represent 1% of the original total anterior lobe tissue. 
l)rol)abl_v render it fiinetionall\’ negligible. 

The 3 oi>cratians mentioned ns having been j)revioii=l_v tested bv serial 
sections bring the total numl>cr studie<l up to 10, and this warrants the 
eonelnsion that Tliomas's method of h\'j)oph\’.scct<imv is ndiable. 

Ttf ftnir of tJ:c tr.ntr.Jiinrw plnrd' 

’Ihe mammar\’ glands of the mi<v killed on the I'.’th fc 2'e.h day I'T 
preenaTuy. 7 or S days after hyjs.ijiln-sectomy, vi-re fnllv d' vi loyfd ami 
distended vith milk (Plate 1. Fic'. •• and I'ive ont of tie' 7 tni ’• 
tonnd with litters on th.e mornim’ of .antop-v. .a;vi altlee:;;!! th" -t' m. . ie 
<'f soii'.e of the yunm: tont.iir.ed ihiid. mill; f'-aml do hnit* ’.\ rr.iv in t’ • 
litter of no.\. 
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Tlie 5 remaining mice ]iypop]i 3 ’^scctomized on the i2Lli clay of 2 :)regnancy 
were allowed to litter, and the litters left with them. When they were 
lifted from the cage the young remained hanging to their ni])ples, and 
were obviously suckling vigorously. Nevertheless, no inilk was found in 
the stomachs of jmung which Avere occasionall^y killed for examination (the 
stomachs could also be observed through the transparent abdominal wall). 
Only in the litter of one mouse, Avhich liad still 3 undelivered foetuses in 
utero, were the stomachs markcdlj’^ distended with slightly turbid fluid. 
Without exception the litters died on the day following that on Avhich thej' 
were found, or during the intervening night. No millc was found in their 
stomachs at autopsy, and at the end of their first day of life the}’’ ajjpeared 
emaciated ; members of 3 litters which Avcrc weighed had lost 10-15% of 
their morning Avcight by 5.0 p.m. 

Immediatel 5 ’^ their litters died, or on the morning following overnight 
death of the litter, the mice were killed. In contrast to those of the 
previous series, killed just befoi’c or just after littering, the mammary 
glands of these mice showed a marked degree of involution (Plate I, Fig. 6). 

Discussion 

Sporadic accounts have previously’’ aiipeared of a transient lactation 
after jiarturition in hy’pophy’sectomized animals [sec literature cited by 
Nelson, 1936; Newton & Beck, 1939 and Robson, 1940]. The results just 
described establish beyond doubt that complete full-term mammaiy de- 
velopment, including the secretion of milk, occurs in pregnant hy’poph}’- 
sectoraized mice. In certain instances [see also Newton & Beck] the young 
may obtain a little milk at first, but this is not a constant finding and they’ 
frequently fail to do so in spite of vigorous suckling. We conclude, there- 
fore, that the production of milk ceases after deliveiy of the placenta , and 
that suckling alone is insufficient to maintain secretion. The rapid involu- 
tion of the glands after jiarturition is in accord Avith this, and the failure of 
lactation emphasizes the absence of the pituitary. 

Incomplete hypophysectomy having been eliminated as a cause of full 
secretion in the experiments of NeAvton & Beck, it folloAA’s that although 
this occurred only in 5 or 6 out of 19 of their cases, the placenta is capable 
of completing by itself the normal mammary development of the last Aveek 
of pregnancy’. The reason Avhy full secretion did not occur in all their 
cases, Avhile occurring in every case of the j^resent series, has tAvo possible 
explanations. First, the foetal endocrines may jilay a jiart ; secondly’, the 
placental secretion may sometimes be quantitatively insufficient. The only 
theory’ AA’hich seems to cover the facts is that the placentae, the maternal 
pituitary and the foetal endocrines all exert similar effects. If either of the 
last tAvo are present Avith the placentae [cf. NeAvton & Bits, 1938] the 
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mammary glands are developed to the maximum. If the placentae alone 
are present, they may be insufficient, either through having their develop- 
ment arrested at the 12th day or through trauma at foetal destruction, to 
bring the mammary glands to the point of full secretion. Other placental 
effects which have been described are dependent on the simultaneous 
presence of the ovaries, and may operate through a trophic effect on the 
ovaries [Deanesley & Newton, 1941]. If this be so, a mass of placen- 
tal tissue more than sufficient to maintain the ovaries might yet be incap- 
able of a maximal trophic effect on the relatively enormous combined 
mammary glands. This would explain the degrees of partial secretion 
found by Newton & Beck in such of their glands as failed to secrete 
maximally. 

Progesterone is very unlikel 3 ' to be the agent by^ which the placentae pro- 
duce their effects on the mammarj* glands, because the ovaries are unneces- 
sarj' for this aspect of placental acti\it 3 '. Since placentae have a marked 
trophic effect on the corpora lutca [Deancslj'fc Newton, 1941], progesterone 
from the ovaries is cvidentlj* neccssarj’ to supplement anj^ produced b.v 
the placentae themselves, and several placental effects disappear when the 
ovaries arc removed. Sonic of these (e.g. mucification of the vagina [Klein, 
1937]) arc known to require progesterone, which must therefore be assumed 
to be rclativclj' or totallj- deficient in the absence of the ovaries. Available 
evidence, including the non-ocstrogenic gonadotrophic extract of Astwood 
& Greep [1938], is consistent with the placentae having an anterior 
pituitarv-like function, but though nrtificialh* administered ocstrin is 
incapable of producing in non-pregnant mice the degree and kind of 
mammarj* development found, it max- do so in mice alrcadx' 12 davs 
jiregnant, and therefore cannot be excluded. 

Owing to the incomjilcte removal of posterior jiituitary tissue, even 
though the nmouiu left was small, no light is shed b\- our results on the 
necessity or otherwise of this part of the gland for parturition [cf. Fisher, 
Mngoun k Ranson, 193S]. The labours of the 10 mice which littered were 
not ob'^erved, though one was known to deliver S young within one hour, 
and another to have retained 3 foetU'^cs in utero for at lea‘-t S hours after 
the birth of I _voung. Of the total of .7S young found, only t>, all in 3 litter^, 
wer\' found dead; they may not have lav-n b<>rn (lead. 


Sr.MVAnv 

.^<'rial M'ctions tbrough the licads jif 10 inio- (7 in this - 

\iously) follouing hyjsijih.v-'s toniv bv Thornri-.V ra't’e.l sV, 
op'T.it ion i-- rchabh- fur n U'.ovitig a:;t<>ri''r .and int-T:;',' ■ ii 
tr-KS'. p.i--ibly aini'unt ing t'> F i-f tl ■■ tufd cf 

to V .T- fenn.d in cn.c • in;. ;-i ,.nl\ . Ti,.- cf r .h- 
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the infundibular part of the stalk cannot be removed, and in addition to 
this part of the stalk a shred of posterior lobe remains. 

In the mouse the placenta is the chief agent determining growth of, and 
secretion by, the mammary glands during the last week of pregnancy. The 
anterior lobe of the pituitary gland is necessary for lactation after 
parturition. 
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INFLUENCE OF THE PITUITARY ANTERIOR 
LOBE UPON THE SPECIFIC DYNAMIC 
ACTION OF PROTEIN 

By max REISS 

From the Burden Neurological Inslilule, Stapleton, Bristol, England 
[Received 1 August 1940) 

The results obtained in the numerous experiments dealing mth the 
influence of hormones on the specific djmamic action of protein are 
extremely contradictory ; even the simple question as to how the specific 
dynamic action of protein is influenced by pathological states of hjq) 0 - 
and hyper-thyroidism has not been answered satisfactorilj* [Serejski & 
Jisslin, 1930], AbeVin [1923] reports an increase in the specific dynamic 
action of protein after administration of thjToid extracts, while Feuling 
[1933] and Schittcnhclm & Eisler [1932] observe a decrease after admini- 
stration of thjTotrophic hormones. The reports on the specific djTiamic 
action in hypophyseal pathology are especially conflicting. Plant 
[1922a, b], Licbesny [1925], Kestner, Licbcschiit/. -Plant & Schadow [1920] 
and Peters [1930] found a decreased specific dynamic action of protein in 
pituitary hj’pofunction. Fulton & Cushing [1932] and .Johnston [1932] 
were, however, unable to observe any change in patients with disturbed 
hypophy.«cnl function. Gacbler [1929] found the specific dynamic action 
of ^irotcin unchanged in a hypophysectomir.cd dog. According to Foster & 
.Smith [1920] the si)0cific dynamic action of glycocol is decreased in hyjio- 
physcctomir.ed rats, though Evans, Luck, Pcncharz. A: Stover [193S] foxmd 
it unchanged. 

The present exj)crimentsM crc carried out in orderto study !--y.stcmatieally 
the specific dynamic action of protein in rats at certain times after 
hypojiliy.'^ectoiny and also the influenee of .‘^ome of the well-known 
hormones of the ])ituitnry anterior lobe on the s]>ecirie dynamic action. 


Mimions 
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injection needle, on the point of wliicli a piece of tliin ureter catheter was 
fixed. As this could cnsil}'^ be passed into tlic stomach of the animals, 
administration was carried out very quickly and irritated tlie animal only 
slightly. Immediately after the administration the animal was again put 
in the metabolism apparatus. Tlie first metabolic measurement was made 
thirty minutes afterwards. Further measurements followed at hourl}’^ inter- 
vals as shown in TablesI-III. Thechangesin oxygen consumption following 
infusion Avere studied in about 320 experiments each lasting G-8 hours. 

The apparatus used was a modification of that previously described by 
Reiss, Kusakabe & BudloAvskj’^ [1938]. The animals were enclosed in a 
bottle of about 1 litre capacity Avith a perforation at the bottom. The 
bottle Avas connected Avith the air circulation train by airtight connexions 
and Avas completely immersed in a thermoregulatod Avater-bath maintained 
at 28°. At this temperature the animals remained perfectly quiet and 
slept almost the Avhole time. Air A\'as circulated through the respiration 
chamber by means of a pump of the syringe type, AA'orked by a A’^ariable 
eccentric so as to permit A’-ariation of the rate of air floAV. Unidirectional 
air floAv Avas secured by a Muller A^alve of A’^ery Ioaa' resistance. Before 
entering the respiration chamber, the air Avas passed through a spiral tube 
immersed in the Avater-bath Avhile the air leaving the chamber passed 
through a soda lime toAver in Avliich the carbon dioxide AA-as completel}’’ 
absorbed. The system Avas connected AAdth a calibrated spirometer AAutli 
a pointer AATiting on a smoked drum. The consumption of oxygen in a 
given time could be calculated from the tracing in the usual manner. 

The folloAving anterior pituitary preparations AA'ere used in the experi- 
ments: (1) a groAvth hormone extract, prepared by ourselves, AA’^hich AA-^as 
free from thyrotrophic, corticotrophic and almost free from gonadotrophic 
hormone ; 1 mg. of the dry substance contained one biological unit [Freud, 

1935] . As this extract Avas still relatively crude as compared AA'ith extract 
(2), the possible presence in it of other factors acting on the metabolism 
cannot be excluded ; (2) a groAvth hormone extract obtained by Dr. Freud, 
Amsterdam, Avhich Avas much more purified and contained 1 unit in 6 
/ag. ; (3) a thyrotrophic extract, completely free from gonadotrophic and 
corticotrophic hormone and containing 20 guinea-pig units [Junkmann 
& Scholler, 1932] per mg.; (4) a corticotrophic extract, completely free 
from thyrotrophic and gonadotrophic hormone, containing 3 units [Reiss, 

1936] in 1 mg. ; (5) a gonadotrophic extract, obtained from serum of 
pregnant mares, containing 40 units (oestrus-producing units) in 1 mg. 

Results 

Table I sIigaa-^s the extent of the specific d 5 mamic action after admini- 
stration of a certain quantity of protein in normal rats and in rats before 
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Oxygen consumption per minute in ml. 
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and at certain periods after llypophysectomJ^ In untreated rats the 
oxygen consumption may increase up to 40% above the normal. Six days 
after hypophysectomy there is still some specific dynamic action present, 
although it has decreased. Thirty days after hyT)ophysectomy no specific 
dynamic action was observed after the infusion of egg albumen in an}' of 
the hypophysectomized animals (two examples are shown in Table I), in 
addition to this it was often found that the oxygen consumption was 
decreased as much as 30% below the initial normal level. Since we have 
as yet no explanation of this last fact it will not be discussed further in this 
paper. It is certainly not due to any injury inflicted on the rats during 
experiments, as the animals survived and were later used for other 
purposes. 

The hypophysectomized animals were first injected with inactivated 
hypophyseal extracts containing only a very small amount of cortico- 
trophic hormone. The specific dynamic action remained unchanged 
(Table II). The same rats were then injected with tluTotrophic hormone, 
and while the oxygen consumption increased considerably, no specific 
dynamic action could be obscr\’cd after the administration of egg albumen 
(Table II). But if the same animals were injected with a strong though 
still relatively crude growth hormone extract, they showed a marked 
specific dynamic action a few days after the administration was started 
(Table II). 

The next experiments were carried out with the specially jnirificd growth 
hormone which wc obtained from Dr. Freud of Amsterdam. This 
extract increased the sjiccific dynamic action of hypopliyscctoniized 
animals in all oxpcriinents (Table III). 

Similar ex])criincnts with purified eorticotrojihic hormone and with 
gonadotrnjihic hormones pave, in all eases, negative results. Neither of 
these hormones re-established the specific dynamic action. In one case 
only, specific dynamic action was increased by ‘,\mbinnne’ — an extract 
containing ponadotrojihic as well as thyrotrojihic hormone— hut we did 
not succeed in re])roducinp this eflect in further cxjK’riments. 


Disrr.ssiov 
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stniciurc. It sliotild lie stntccl thnt the conflicting results obtained 
Foster & Sniitli [1920] cannot yet be explained. It is possible, evei 
probable, that the jiituitary anterior lobe aflccts diflerent amino acids ii 
difierent ■\va 3 's. The question as to which stage in protein metabolism i; 
disturbed cannot be further discussed here. We do not consider it probabh 
that the absorjition of })rotcin is greatly" disturbed, since in prcvioui 
experiments we found that the absorption of carbohj'drates was noi 
atfected by h 3 'poph 3 'soctom 3 % while their combustion was increasec 
[Reiss el al., 1938]. 

Gaebler [1929], liowevcr, observed undisturbed specific d 3 mamic actioi 
after the administration of meat to a h 3 'poph 3 'sectomized dog, but hii 
observations were carried out 11-21 dnys after hypophysectom 3 ’^ while 
we were 01113 '^ able to observe the disappearance of specific d 3 mamic actior 
of liigli molecular proteins in our rat experiments 30 da 3 'S after Iiypo 
physectom 3 ^ In spite of this, similar experiments should be carried oul 
on dogs on a larger scale with particular attention to the completeness ol 
hypophysectom 3 \ 

The experiments make it clear that only those anterior pituitar 3 
extracts containing the so-called growth liormone can re-establish the 
specific dynamic action of proteins after hypoph 3 ^sectom 3 \ The disappear' 
ance of specific d 3 mamic action is therefore due to a lack of growth 
hormone or — if this hormone, as assumed b 3 ' several writers, is complex— 
of the 'growth hormone complex’. TJie possibility of the presence in the 
growth hormone of a component acting particularly on the protein meta- 
bolism should still be considered, but, taking into account other facts about 
the physiological action of the growth hormone, it does not appear veiy 
plausible. The decrease of nitrogen excretion after administration of 
growth hormone is well established [Teel & Cushing, 1930; Gaebler, 1933, 
1935; Lee & Schaffer, 1934; Lee, 1938] and the non-protein nitrogen and 
free arginine of the blood are also decreased by such treatment [Teel & 
Watkins, 1929 ; Reiss, Schwarz & Fleischmann, 1936]. These facts suggest 
that there is an increase of protein synthesis after administration of growth 
hormone. But synthesis of protein depends upon previous degradation of 
externally administered proteins to the simple elements necessary for 
protein synthesis. 

On the basis of the results Ave are able to eharacterize the growth 
hormone more precisely. Growth liormone is present in the pituitaiy 
anterior lobe not only of juvenile animals and human beings but also of 
adult ones, although in adults there is no further growth. It looks as though 
the growth hormone, on account of its profound influence on protein 
metabolism, may act in adults purely on processes of regeneration and there- 
fore this hormone might better be characterized as a regeneration hormone. 
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This point of view may also facilitate a clear definition of the diagnostic 
importance of the specific djmamic action of protein, entitling us to 
conclude that individuals with disturbed specific djmamic action are not 
fuUy capable of regeneration processes. This interpretation might further 
explain many other observations in various pathological states and so 
open the way to revision of treatment. 

Other experiments showed clearl3' that thjTotrophic hormone, while 
greatly increasing the oxj'gen con.sumption of h3-])ophysectomized animals, 
is not able to re-establish specific d3mamic action. This result, though at 
first surprising — as according to the common conception th3Toid function 
is responsible for specific d3'namic action — was full3’ proved In* those of our 
experiments in which the th3Toid function of h3*poph3*sectomized animals 
was complctel3’ re-established vithout 303* return of specific d3*namic 
action. Apparentl3' the influence of the tln-roid on specific d3*namic 
action is indirect and due to its influence on the pituitar3’ anterior lobe ; 
a disturbed pituitar3' anterior lobe secretion is found after thvroidectonn* 
which ma3* thus bring about a disturbed specific d3*namic action. In 
another connexion wo have provioush* suggested this kind of relation 
between the th3’roid and the pituitar3* anterior lobe. The growth effect of 
th3Toid, for example, is the indirect rc.sult of previous influence on the 
pituitary anterior lobe. While growth can be induced in th3Toidcctomizcd 
animals b3* administration of growth hormone, no growth can be seen in 
hyi)oph3-.‘!cctoinizod animals after administration of th3Toid liormone 
[Smith, 1033 ; Reiss & Balint, 1034 ]. 

Finnll3’, we nia3' consider the numerous contradictorN* observations on 
specific dynamic action in various pathological states. The contradictions 
in h3-i)0- ami h3’pcrth3Toid states, for example, can be explained if we 
su])jiose that the change in specific d3'namic action in one or the other 
direction does not dci>cnd dircctlv uj>on the exi'-tcnce of h3-j)o- or li’-j)cr- 
tlivroidisrn, but rather ujmn the wav (he anterior pituitarv function i- 
affected by (he thyroid di'^ttirbnmv. Moreover, it is jio'^.-ible to e.xjjlain 
the ]>nradoxical behaviour of siH'cifie dvnainic action in various; di-iur- 
bailees of anterior jiituitary lobe function by sui>i>o'-in:: that hvj*nfnrKlion 
of the anterior jiituitary lobe dm-s not ncee-cariK- involve a di-turbanc'- 
of growth honnone jiroduction. but mac- affect onlc- the ji.o.dtiction of th'- 
othcrauti-rior jiituitarv h>bc honnone-. 


Svvv.w.v 
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Tlio specific dynamic nciion can be rc-cstablisliccl by administration of 
extracts containing growth Jiormonc. 

Tliyrotrophic hormone, wliilst increasing oxygen consumption in hypo- 
physectomized animals, docs not influcnco the specific d^mamic action of 
egg albumen. 

Corticotrophic and gonadotrophic Iiormoncs do not influence specific 
dynamic action. 
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THE EFFECT OF PREVIOUS OESTROGENIC 
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In considering the factors which influence the response of animals to 
oestrogens Marrian & Parkes [1929] were of the opinion that previous 
dosage was unimportant. Emmens [1939] has recentlj' reconsidered this 
question and has arrived at similar conclusions. 

In contrast with these e.xperimcntal findings we have obscr\’cd clinically 
that prolonged courses of administration of oestrogens in high doses are 
followed by a diminution in response. The following experiments were 
devised to examine the behaviour of ovariectomized mice after similar 
treatment. 


Mathrial and Methods 

The animals tiscd in the experiments were adult female mice obtained 
from dealers. Vaginal smears were taken daily by washing the vagina with 
a small quantity of normal saline contained in a sterile pipette, and were 
read unstained. I'iiose aniinalsshowingrcgular cycles were ovaricctomized. 
Oestrogenic treatment was begun within 3 days of the oj>cratinn. Ocstronc 
(Menfornion kiiully .supplied by Organon Ltd.) was used in aqueous solu- 
tion and each unit was equivalent to 0-1 /ig. 

Smears containing large numbers of eoniificd cells, with either verw few 
or no Umcfteytes were tak.en to indicate oe=tnis. Such smc.ars are in fact 
inili-lingui-hnble from the oe>-trous smear of the normal cycle. It i^ j>o-'ib!e 
tliat the vaeina may become infeet<-d in the jiroccss of t.akirig snm.ars .and 
tliat tlie ajipc.'irance of pu- may make it im]>o'--ibIe to interj'n't the sniear. 
For thi-- re;i‘-on the ii'-e of the sterile pij-'ctte wa>: j.rr ferred t<> that of the 
liHip. whilh va'- ton'-idered to l>e uror^' lik.elv to traun.'.atire th.e vaeir.a. 
While the jsi'dbiHty that itifcrtmu ('c.'a'-ioyinl! v f>"cur iti .'■tat'' d th.:- 
]>n'‘ .lUt ion « annot I..- ruhai <,ut. in our n.ie it rrin lv ]- oF to 

diflnu'.ty in IT. ’.dine .unar- <1 th.e m.m'.-d r”, rle. It '.■.i.’.d.; n 

apl’i .ar to 1><- unlihels th.at it v .'tild inv.ali’l.'.t'- .a ari' n h- t'.'- > • v. h.r • • 
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ExrKlUMKNTAIi 

In a ])reliininnry experiment an attempt was made to determine the 
minimal daily dosage required to maintain continuous vaginal oestrus. 
Thirty-three animals were injected daily for jicriods of several days vith 
1, 2, 3 and finally 4 tinits. 1'hough the lower doses ])roduccd continuous 
vaginal cornification for short periods, 4 units bj’- daily injection were 
required to maintain oestrus for the cx])crimcntal period following such 
preliminary treatment. Having established this threshold, we injected 
18 of these animals dail}' for 3 weeks with 300 units and maintained the 
remaining lo of the group on 4 units dail}' over the same period of time. 
This was followed by a j)criod of 20 days during which all animals of the 
group received 4 units daily. The smears of the control and experimental 
groups were compared over a jjcriod of 10 days between the 7th and 17th 
days following the drop in dosage of the cxj)erimcntal group from 300 to 
4 units. This particular jjeriod of time was chosen in view of the fact that 
the response of the experimental group over the first week was obviouslj'^ 
influenced by the iDrevious high dosage. The sudden change in the 
appearance of the smear which occurred in 15 of the 18 cxijerimental 
animals at the 7th day was taken as indicating the end of the prolongation 
of effect of the high doses. At the 17th day some of the control animals 
had begun to go out of oestrus, indicating that from this time onwards the 
threshold level of 4 units was no longer adequate. Each animal was placed 
in one of three groujDs according to the number of days of the 10 when the 
smear showed full cornification (see Table I). 


Table I. The resx>onse of ovarieciomized viice to ocstrogens after previous 

treatment with high doses 


Number of days of 
full oestrus in 10-day 
period 
0-2 
3-5 
C-10 

Total 


Number of animals in oestrus 


Control group 
2 
2 
11 

15 


Experimental group 
13 
3 
2 

18 


Of the 15 control animals, 11 were in full oestrus on 6 or more of the 
10 days. Of the experimental group only 2 of 18 animals showed a similar 
response. These results indicate that following a course of 3 weeks’ 
administration of high doses of oestrogen, the minimal dose required to 
maintain continuous oestrus is increased to a degree far greater than that 
of animals kep)t on threshold doses. 

In order to investigate the extent to Avhich the threshold level is modi- 
fied by such previous treatment, a further 103 animals were prepared and 
divided into 5 groups as follows : 
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(а) 32 animals injected for 3 weeks with 300 units dail 3 ' followed b}* 
injections of 3 units dail^"^ for 26 da 3 's. 

(б) 17 animals injected for 3 weeks with 300 units daih* followed by 
injections of 4 units daily for 26 da 3 's. 

(c) 12 animals injected for 3 weeks -with 300 units dail 3 ’^ followed by 
injections of 6 units daity for 26 da 3 's. 

(d) 10 animals injected for 3 weeks with 300 units dail 3 ' followed b 3 ’ 
injections of 12 units daily for 26 da 3 's. 

(e) Control group. 32 animals injected over the 26 da 3 ' period onl 3 ” with 
3 units dail 3 '. 

The results of these experiments arc given in Table II. 


Table II. The extent of the change in the response of ovaricclomizcd mice to 
oestrogens after previons treatment with high doses 


Xuml)cr of animnl.s in oestrus 


Kumlsor of cloys of 

/ 




^ 

full oestrus in 10-clny 

Control proup 

ICxporimcntol p^oups 

period 

<<•)■ 

(a) 


(0 (rf) 

0-2 

1 

13 

13 

8 2 

S-f) 

a 

11 

4 

3 4 

C-10 

28 

8 

0 

1 4 

Totnl 

32 

32 

17 

12 10 


Injections of 3 units daih' maintained continuous oestrus in 28 of 32 
j)reviouslv untreated animals (r.) ns compared with 8 of the 32 animals 
injeoted previously with 300 units dnih’ for 3 weeks (n). The results 
obtained with the other groups, {b), (r) and (d), indicate that this change in 
tlircshold is considerable. 

'J’able 111 rt'jii-esents a comparison between all the control and exj)eri- 
inental animals of Tables I and II. Thirtv-nine (S.’te',) of -IT control 
animals were maint.ained in oestrus on 6 or more days of the exj>eri- 
mental jteriod as compansi \\ith I.'> (K'.-tt";,) of .s't ex]>erimental animals 
on similar or higher doji's. 


Table in. 


.1 Cdl 

nv.'i f.r 





■ari'iin < is tJ.r rf'-p’i}:^r I,, re-,c.V(,,s- ' <f nil ll.r rar.Irc-I 

r itr.r tA'II nv.iv rilc r, f, rred In ir. Tn^'ic / / / 
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Discif.ssiox 

The experiments show Hint the rcsjionse of ovnricctomizcd mice (as 
judged by the vnginal smear) to dail3’' injections of ocstronc is influenced by 
previous oestrogenic treatment. Similar evidence lias also been obtained 
by Zuckerman [194]] in monlcevs. Although IMarrian & Parkes [1929] 
and Emmons [1939] concluded on the basis of their experiments that 
previous treatment did not affect the response of animals to single in- 
jections of oestrogens, Palmer (data to be published) working with 
mice has re-examined this problem and has found that the response to 
single injections is in fact related to previous response wliich in turn is 
determined by previous dosage. 

These observations arc in agreement with the fact that clinicnll^" wo 
have noticed instances of decreased rcsjionse following prolonged admini- 
stration of oestrogens (c.g. in treatment of mcnojiausal cases). This is a 
point of considerable clinical importance, since it indicates that large 
doses of oestrogens cannot be given indiscriminately without fear of in- 
creasing the threshold at which a minimal dose will jiroduce the desired 
effect. The mechanism bj'^ which this decreased response occurs is not 
clear. D’Ainour, Dumont & Gustavson [1934] found that scrum taken 
from rats injected for periods of 4-8 weeks with 5-20 units of oestrogen 
exhibited no anti-oestrogenic properties. It would therefore appear that 
the effect is not the result of the production of an antihormonc to 
oestrogen but may be due to a decreased I’csponse of the vnginal mucosa 
following prolonged treatment with high doses. 

Summary 

(1) Minimal doses of oestrone which bj^ dail.y injection produced con- 
tinuous oestrus in ovariectomized mice did so for short periods onl}’’, and 
had to be followed by gradually increasing doses in order to maintain 
continuous cornification of the Amgina. 

(2) After a S-Aveek period of treatment Aidth 300 units of oestrone b}"^ 
daily injection, ovariectomized mice shoAA^ed a considerably decreased 
response to oestrone as compared AAdth the response of control animals. 

We take this opportunity of acknoAA'ledging our indebtedness to Mr. L. 
WestAvood, our technical assistant, AAdio has deAmted considerable time, 
care and interest to this experiment. 
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HENNY-FEATHERING IN BROWN LEGHORN 

MALES 

By A. W. GREENWOOD asd J. S. S. BLYTH 
From the Institute of Animal Genetics, University of Edinburgh 
{Received Jo Avgust 1940) 

Some years ago observations were published on a castrated Brown Leghorn 
male, one of a flock maintained at this Institute, which assumed female 
secondary sexual characters [Greenwood & Blyth, 1932], This sex change 
involved both the head furnishings and the plumage, and a studj' of the 
relevant facts suggested that the phenomenon was referable to the presence 
of a small abdominal tumour of epithelial origin. Although reversal of 
external sex characters from female to male is by no means uncommon in 
fowls, onl}' one case had been investigated previously*, so far as could be 
determined, of a male bird showing development of female characters; 
this was a Silver Grey Dorking cock described by Buchanan [I92G], who 
concluded that its transformation was related to a hypo-functioning 
thjToid. The recent appearance of plumage sex reversal in an otherwise 
normal male bird of our flock is the subject of the present contribution. 

Although jilumngc sex dimorphism, dependent on endocrine action, is 
the commonest manifestation among the many varieties of domestic fowl 
as they exist to-day, there are a few strains in which this difTcrence is not 
found and where both sexes have a type of feathering similar to that of the 
female of cock-fcathcrod breeds. The .‘'cbright bantam is an example of 
this tyi>e, while in the Hamburgh and Campinc breeds both eock-fcathcrcd 
and henny-feathcred males occur. 

I'rom investigations ns to the mode of inlicritanrc of hcnny-fcathering 
I’unuctt it: Bailey [1921] concluded that it behaves as a dominant, 
difi'ering from cork-feathering by a single mendelian factor. Tiiev eriti- 
ciw'il Morgan's [1919] iuterpn-tation of a two-factor diffcrenc'- r)n the 
grounds tliat his cross nudes were not kojit long eno\igh to obt-ain n n-a] 
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of testis tissue also Iiavc this cfTect [Greenwood & ]31yth, 19386], but 
whetlier this is duo to the quantity of male hormone ju esent or to traces of 
female lionnonc associated with it is a matfer for conjecture. Tliougli 
capons of henny breeds respond to testosterone medication l)y fcminiz<ation 
of tlie plumage, the only cn'ccts induced by large doses in Brown Lcghoni 
capons were .sjunjitomatic of thju-oid deficiency [Emmens & Parkes, 
1940]. 

The manj’^ attcmjits to cxi)osc the relation between the ph^’siological 
and genetical bases of licjin^'-feathering liavc provided further information. 
Jull & Quin [1930] wci'c able to })roducc hen-feathered cocks of Brown 
Leghorn tj'pe by crossing Brown Leghorn hens with descendants of a hen- 
feathered male from Morgan’s Scbright-lBackbrcastcd Game bantam cross. 
Skin and gonad cross transplantations between Sebrights and Brown 
Leghorns have revealed that hen feathering is a quality vested in the skin 
and not in the reproductive organs, and suggested that the difference lay in 
a lower threshold of jfiumage respon.se in this t 3 '])e [Roxns, 1026; Green- 
wood, 1928; Danforth, 1928]. Callow &; Parkes [193C] substantiated this 
by showing that much smaller quantities of ocstrone are required to 
feminize Sebright capons than those of cock-feathered breeds. 

Case History 

The bird in question, K1S79, Avas hatched on IS April 1938. It Avas 
derived from a liighly inbred line (knoAvn as the S.E. line) in Avhich the 
plumage of both sexes shoAvs some characteristic dcAuations from that of 
the recognized BroAvn Leghorn tyjie : in the female it is much paler than 
normal ; the drab background of the dorsal contour feathers is of a lighter 
tone and the black pencillings more restricted. On the AA'ing boAV and edge 
of the secondaries the female pattern may be obliterated bj'^ a bay colour 
similar to that of the male secondaries. In regions normallj'’ pure black, 
hoAvever, such as the tail and inner AA-^eb of the primaries, female pattern 
may occur. The males also have a lighter appearance, the melanization 
usual in the proximal part of many of the feathers on the neck and dorsal 
surface being much reduced and the black Amntral feathers splashed AAdth 
red to varying degrees. The red in the latter is of a deeper tone than the 
salmon of the female breast feather. In other regions, normally black in 
the male, such as sickles, posterior saddle and secondary coverts, Amrying 
amounts of female pattern are encountered. Even the secondaries maj'' 
shoAV the pattern, but here it involves the outermost part of the black 
area and not the bay edge. The general impression gained is that the 
amount of melanin in the plumage of this line is everyAAdiere beloAV normal, 
and is enhanced by the fact that the remaining black areas on these birds 
have a broAvnish tinge. 
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While in male plumage -when penned -vrith females in the spring of 1939, 
K1879 showed more extensive areas of female pattern than any of the 
males hitherto retained for breeding. The moult of the same year resulted 
in a marked expansion of the abnormality : by October all fringing had dis- 
appeared from the full-grown plumage except on the neck, and while the 
sickles were longer than their female homologues, they had blunt rounded 
ends and a very clearly marked female pattern ; back and saddle feathers 
were tj^pically light female ; the breast was a mosaic of red and black, and 
black feathers, though the non-melanic coloration was deeper than is 
usual in hens. Only on the wing was the female pattern lacking: the wing 
bow and covert feathers were a dull red with var^nng amounts of stippling 
or pencilling at the tips. Since, however, blurring of the pattern, and 
reddening, often occur on the wing of normal hens, the entire plumage 
picture presented can be regarded as a close approximation to typical 
female, and had the bird belonged to a self-coloured breed the transforma- 
tion must have been considered complete. New feathers were still growing 
in at this time, however, and these appeared to be differentiating in a male 
direction, fringing again being evident; breast feathers which had almost 
completed their growth were completely black. Tlie return to its proper 
plumage type could be followed in December in areas that had previously 
l)cen denuded of feathers, but the maleness was of the ‘too red' variety 
])eculiar to the strain. 

Tliis isolated occurrence of a hen-feathered male in a cock-feathered 
breed may not be so spontaneous ns might at first apix-ar, for it has been 
noted that in the highly inhred line in which it nro«o males frequently 
exhibited regions of female ])attcrning. Up to the fitli and 7th generation 
back all his jirogcnitors, exeejU one, derived from the .same male and 
female, and the exccjition, which appears once in the 4th, and once in the 
5th generation, had one granddam which was a dauchtcr of the satnc pair. 
Tlie male of tlie original mating bore traces of female pattern, vhich 
characterizes so many of his male descendants, on liis .secondaries and 
posterior saddle feathers, and had a liberally red .splashcrl breast. ]n two 
of KlST'.ts immediate arn'cstors the abnormality was sufliciemlv evident 
to bi' noted: his paternal gnind=ire ha<l stippling oj, the tail siekh-. and 
po-terior saddle, and a sliehtly mi-marked brea-t, vl)i)e tlie intervenine 
MH' siiovcd femaicne-s on tail .-ieklc-. jtrimarie.. ^\in- covert- .and s- sin. 
dary ti]i'., atiii iiad a mi-marked bm-a-t ; the t.dl sickh'- h.ad a rv idi-h 
ground. 
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and October: of ilicsc 82% were fertile and 54% liatchcd (32 ; 36 $?). 

Ten of tlie males M'crc retained for further observation; none of them 
exhibit so much fcmalcness in their plumage as their sire, but three, one 
from his dam and two from her full sister, show a very marked degree of 
melanin deficiency. A second cockerel bred from his dam shows the de- 
ficienc}’^ to about the same extent as Ins remaining offspring from slightly 
less related hens. 

Tliesc cockerels arc now on the verge of their first adult moult, and in all 
but one the new feathers show no extension of the deviation from the 
normal sexual type. The exception is further advanced in the process than 
the others and has dcvclojicd a group of new posterior saddle feathers, 
female in structure and with a vcr3' clear female pattern as opposed to 
their red, fringed, and indefinitely’’ stippled predecessors. Elsewhere on 
the body, growing feathers appear to be male in type. 

Experimental 

Though the case history suggests that the plumage abnormalities ex- 
hibited by K1879 are genetic in origin, there is also the possibility that 
they arose from physiological disturbances, and a preliminary examination 
has been made of this side of the question. All previous work has indicated 
that the thy'^roid gland is unable to induce the female pattern of the Brown 
Leghorn without the intervention of ovarian secretions ; nevertheless, a 
theory (advanced in the discussion) developed to accommodate the known 
facts involved the supposition that abnormal relations between thyroid 
and plumage existed in this line. Accordingly', during 3 months from the 
beginning of March, dried thyroid poivder (B.D.H.) was fed to the follow- 
ing birds : 

K1879, 

L2791, one of the less red of Kl879’s sons, showing femaleness on the tail 
coverts and a red splashed breast. 

L2598, son of another S.E. male mated to a female of another line; veiy 
like L2791 except that he shows no female pattern. 

L3291, a totally unrelated typical dark plumaged cockerel. 

J1260, an unrelated tliyroidectomized cock. 

J3408, an unrelated tliyroidectomized hen. 

The tliyroidectomized birds received a constant daily'- dose of 0-2 g. 
during the whole period ; this was sufficient to support the regeneration of 
feathers of normal sexual type in place of the red fringed ones removed 
from dorsal and ventral regions. L3291, the normal cockerel, received 
0-3 g. (daily) for 4 weeks, then 0*5 g. for G weeks, and finally 0-7 g. for 
2 weeks. Hyperthyroidic effects followed the expected course : the barbuled 
areas of feather vanes extended until the fringed areas were engulfed ; this 
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occurred -nith lower doses in the cape and wing regions but was not com- 
pleted in the saddle until the highest dose was administered. Concurrently 
there was an extension of melanization towards the feather tip until com- 
pletely black solid-vaned feathers were obtained. In the cape feathers 
groum at lower dosages the tips were not complete^ black and the melanin 
was distributed in broken patches or blobs which showed no obvious 
relation to the pencilled pattern of the female ; the ground colour was the 
red usual in the male cape. 

K1879 received 0-3 g. for 3 weeks, then 0-5 g. for 6 weeks. Feather 
pluckings made throughout the winter showed that his plumage had 
remained typically male in structure, 'too red’ dorsally and mixed black 
and red vcntrally. Feathers removed during the experiment were replaced 
by typical female feathers on the back and wing, and black feathers on the 
breast. With the higher dosage black areas appeared on the tail coverts. 
Cessation of treatment was followed bj' a return to S.E. plumage tj-pe. 

The two remaining birds, Kl879’s son and the crossbred, were both 
treated with a scries of graded dosages: 0-3 g., 10 daj-s; 0'2 g., one week; 
0-3 g., 2 weeks; 0-5 g., 7 weeks; 0-7 g., 2i weeks. The clTcct of Inpcr- 
thjwoidism in th(5.sc two birds showed striking differences from those dis- 
played by other treated induiduals. The development of barbules ex- 
tended right to the tip, even in saddle feathers, with the lower dosages, but 
while there was an increased deposition of melanin it was slower in appear- 
ing than in the normal male, so that among the first regenerated hack and 
saddle feathers many had a solid vane, mainly red or yellow, w ith only a 
little broken black at the tip or along the side of the rachis. The red pig- 
ment had a paler bleached appearance compared with that in feathers 
grown before the treatment (perhaps due to a vciw’ slight deposition of 
melnnin). In the saddle feathers the black was often nearly all on one side 
of the vaTie. The darker feathers of the cape, s-addle and wing bow were 
also peculiar for in many the extreme tips were reminiscent of liomologons 
female feathers; the melanin was arranged in fine stij)j)ling that ocea<.ion- 
ally merged into fine lines across the feather, and the ground colour was 
not Tvd or yellow but the drab straw colour tyjucal of tlie feir.ale, Tb(> 
jiatterned area was never more than a eentimetre long, usuallv Ici-, and in 
the majority of feathen; the a]>pareut femaleno'-s -.vas contr.adirt'd bv 
sjilashes of tvd in the more proximal parts of the vam'. A verv few, h<iv, - 
i'XvT. had a solid Marl; .ami it w,as found imj-'>- iblo ti.o; .;j 

betuevn thc'*' .and similarly juark.od fi-ath'-r- remov<^i froTii tvni'.a! hir'.- , 
Att<-inpts to obtain .an evt^iv'ion <>f t::^. efre-;_ ,.r .a ir.or-,* 
pattfin by iu' r!.".''',ldo u erv ■.' itbout ••.•.(v- or,'' o f. '.ts-r- f' 
both biT'b. grown nr. b-r tlv bi.'lvt ifow lo-.t'; »- <■; dr-.b 
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irrogulnr that to identify the black stippling in them as female pattern 
would bo unjustified. Tlio tail coverts and breasf, feathers of both birds 
grew in a solid black under the trcattnent. 

D1SC17.SSIOX 

First consideration of the plumage phenomenon displayed by KI879 
suggested that it had a genetic basis, and that inbreeding or mutation had 
brought about an extension of the hereditary trait. developing female 
feathering at the first adult moult KlSTO resembles some of Punnett & 
Bailcj^’s [1921] intermediate cros.ses, and its reversion to male is not with- 
out parallel in the same group. The colour and ])attorn aberrations in the 
female phase arc also reminiscent of those described in their extracted 
Brown Leghorns. If, however, the character lias been exposed by in- 
breeding it must be recessive to the normal type, while in the crosses just 
mentioned hen feathering behaved as a dominant. On the other hand, were 
it a dominant mutation, the interesting supposition emerges that it is a 
link in a chain of progressive mutations towards a hen-feathered type, for 
it is difficult to believe that it can be unconnected with the family tendency 
to femaleness in the plumage of the male. While the records of his progeny 
have pi'oduced no repetition of the phenomenon so far, the possibility of its 
hereditary nature cannot yet be set aside. Actually, while it was possible 
to reproduce it b}’’ th3n'oid treatment in K1S79 himself, the fact that in his 
son the plumage reaction to this endocrine was different, not onlj’’ from his 
sire, but from normal Brown Leghorns, adds to the evidence in favour of 
a genetical interpretation. 

In the strain to which K1879 belongs it was noted that the traces of 
femaleness present in the males were alwaj’^s restricted to normally melanic 
feathers, and this led to the hypothesis that the males in question carried 
female pattern but were unable to express it over the whole bod^'^ because 
of the unsuitable nature of the feathers. Or, to put it otherwise, the 
plumage picture could be referred to the action of a gjmaecogenic agent in 
conjunction with a male level of thj^roid activity; the fact that the breast 
feathers are never completely red suggests that the former is less effective 
than in the normal hen. 

We have now evidence of three agents capable of inducing the Brown 
Leghorn female pattern under suitable conditions. In K1879, thju’oid; 
in normal hens, oestrone (presumably associated ndth an adequate level of 
thyroid activity). The action of the third agent — testis — is still difficult to 
understand, since, though the present Avriters Avere able to induce female 
plumage by implantations of relatively large amounts of this gland, 
Emmens & Parkes [1940] could not do so AAuth heavy doses of its active 
secretion (testosterone). Punnett & Bailey [1921], hoAvever, mention one of 
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their extracted Brown Leghorn henny males which was castrated and 
developed male plumage, indicating that in this bird testis was supporting 
the exhibition of female plumage. There is little doubt that thjroid is 
involved in all three cases, but the differences between them give cause to 
question whether sex hormones are absolutelj’’ essential for the expression 
of the female pattern. Our earlier work suggested that oestrone acted b}' 
restricting the increased melanin present [Greenwood & Blyth, 193Sa]; 
this implies either a rhythmic action to produce the fine pencillings, or 
else that the pattern lines are potentiall 3 ' present in all Brown Leghorns of 
both sexes, but only show up in the presence of melanin restricted to a 
certain level of intensitj*, i.e., ‘diluted’. On the latter theory then anj* 
condition which caused a low grade of melanin deposition over the whole 
feather would be expected to expose the female pattern. If, for instance, 
crossing Brown Leghorns with recessive white birds results in males with 
blue in place of black regions, the pattern might be expected to appear. 
It is hoped to test this later. 

In the normal course of events thjToid administration is not productive 
of dilute mclanization at anj' level of treatment ; the effect is rather that of 
an extension of melanin deposition at a uniform high level of intensitj’ 
further and further up the feather vane with progressive increases in dosage. 
The general nglitncss of the plumage in the S.E. birds suggested that cither 
thej' were hj'pothj'roidic, or more probabh’, since thc\’ arc functionalh* 
fairh' normal, that the plumage was exhibiting a refractoriness to the 
influence of this gland. Tlic results of the prcliminarj* tlu-roid feeding tost.s 
appear to favour the latter contingency, for neither K1S79, his son, nor the 
cross bred showed anj’ tendenej’ to apjiroach normal male colour distribu- 
tion under the treatment; in the last two birds there was ample cvirlence 
that the increased deposition of melanin was lagcing unusunllv far behind 
the structural changes, though thej- appeared more rc.adih- than in the 
normal cockerel. Our expectation that this poor reaction to thvroid might 
rc>-\ilt in a tliluto mclanization. and so feminization of the plumage, has not 
been achieved, but neither has jt l>gcn entirely refuted. It is .still possjMn 
that, V ith a more finely graded serie.s of dns.ages. .some of the feathers ith 
a bleache<l red apj»caran<-e might liave <leve!oj>e<i female f>attern at <eie 
partieular stage in the treatment, but since they .alwav.s had s'lnie bhs}; 
markings tht' resulting ai)]>'sar.im'<- vould obvi'>iisly not lx- etitin-lv .b-m.-i!.- 
The fact that a eimiiition ehisrh- njiproarhirj.g femah. jie" -.v.a' obto-ti iM- 
in the tips of feathers of 1.'27‘.>1 and l.'J.'iOs. however, lerei' -njiT-ort to t* <• 


view that tl'.eir plumage tvj>'’ statids jn n js. 
tliat of Kls7'.* ar.d normal Lrown L-ghom m.n 
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There is now tlie question of reconciling this conclusion of a hereditary 
basis for the phenomenon with the fact tliat in KlSTO the plumage sex 
reversal was of a passing nature. ThjToid gland weight in fowls undergoes 
a rise and fall throughout the year, which may be taken as indicative of a 
reciprocal rhythmic cycle of functional activitj'. Statistical data from our 
own flock show that the lowest weights occur in the IVIay-Junc period, i.e. 
just prior to the onset of the moult. Thus it may' be that the highest point 
of thyToid activity in K1S70 was just suflicient to induce the reversal and 
that with its later falling off the feathers regenerated according to their 
normal ty’^pc. Though no doubt minor variations occur in the extent of the 
annual rhy’-thm from year to y'car, it would bo expected on this argument 
that some indications of a similar reversal would apj^car in subsequent 
moults. In K1879 the moult of the present year is commencing, and while 
some new back feathers again show female pattern all exhibit a reduction 
or absence of fringing. 

If, however, the level of thyu-oid activity’^ in this bird is within the limits 
of normality’^ throughout the y'^ear, then to assume, as we have done above, 
that the melanin reaction to thywoid is poor is not entirely correct. The 
initial threshold of response of the feathers may be higher than in dark 
plumaged lines, but if our view of the mechanism of pattern formation is 
right, then it is in the distribution of small amounts of melanin that the 
critical differences lies. Small increments deposited evenly over the whole 
feather vane, instead of amassing proximally'^ as is usual, would result in 
the dilute raelanization which we have postulated is necessary for female 
pattern. Since this infers an optimum — not a maximum — level of thyroid 
functioning, further hyperthyroidism should act differently from the 
effect in the normal hen by obliterating the pattern again — a condition 
fulfilled in L2791 and L2598, and less definitely in K1879. 

In the absence of any experimental tests no mention has been made of 
the possible role of testis in this case of plumage reversal. On analogy with 
findings in henny-feathered breeds its action may be indirect through the 
thyroid. 

While the conclusions reached can only be tentative, the data is suffi- 
cient to suggest that in the S.E. line we have an interesting link between 
cock-feathered and hen-feathered strains, and one in which more detailed 
investigation might go far to elucidate the mechanism underlying the 
differences and relationships between the two ty^pes. 

StTMMAKY 

During its first adult moult a cock, belonging to an inbred line of Brown 
Leghorns, developed female plumage ; later in the year it reverted to male 
feathering. The birds of this line are peculiar in that the plumage colouring 
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is much paler than normal, and the males have a tendency to exhibit 
female pattern on the black feathers of their upper surface. 

It was found possible to renew the plumage reversal in this bird by 
thyroid feeding. Similar treatment of related males revealed that their 
reaction to hyperthjToidism was also different from that of the normal ; 
harhule extension was rapid hut increased melanin deposition slow to 
appear. In dark feathers a pattern resembling the female tj^ie was exhibited 
at the tip. 

The data available suggest that the phenomenon is of a hereditary' 
nature, based on a variation in the kind of reaction to thyroid hormone. 

A theory is put forward that the expression of Brown Leghorn female 
pattern in either sex is not necessarily alway's dependent on the direct 
action of sex hormones, but will occur under any conditions which pro\'ide 
a certain low level of melanin distribution in the feather vane. 

KEFERENCES 

Buchnnnn, G. [1920]. Bril. J. exp, Biol. 4, 73. 

Callow, R. K., & Parkps. A. S. [1930]. J. exp. Biol. 13, 7. 

DnnforUi, C. H. [1928]. Proc. Soc. exp. Biol., AM’. 26, 80. 

Emmon.'!, C. tV., &. Pnrltc”, A. S. [1940]. J. Genet. 39, 503. 

Greenwood, A. tV. [1928]. Proc. Boy, Soc. B. 103, 73. 

Greenwood, A. tV., & Rlytli, J. S. S. [1932]. J, Genet. 26, 199. 

Greenwood, A. A Blylli, J. S. S. [1938a]. J. Genet. 36, 53. 

Greenwood, A. \V., k Blvth, J. S. S. [19386]. J. Genet. 36, 501. 
dull, M. A., tc Quin, J. P. [1930]. J. IlerecJ. 21, 170. 

Morgan, T. H. [1919]. Cameyie Inet. U'c^^. Publ. Mo. 285. 

Punnelt, R. C.. A Bailey, P. G. [1921]. J. Genet. 11, 37. 

Roxos, 11. A. [1920]. J. exp. y.ool.AC,, 03. 



THE EFFECT OF TESTOSTERONE ON THE 
RESPONSIVENESS OF THE IMMATURE 
GONAD TO CHORIONIC GONADOTROPIN 

Ur H. SBLYI! 

Fro?/} ihe Dept, oj Anatomy, McGill University, 3Iontreal, Canada 
{llcceivcd 16 Avgust 1940) 

In a previous communication [Selyc, 1940] we described the severe atrophy 
•which is produced testosterone in tlic ovaries of immature rats. It lias 
also been shown that in rats y^oungcr than eighteen days gonadotropic 
extracts of pregnancy urine cause only’- theca luteinization but no follicle 
maturation or corpus lutcum formation. It was found, furthermore, that 
the maturation of follicles up to the stage of antrum formation appears to 
be independent of the hy'pophy’sis since it is not interfered with by hy’po- 
physectomy. Hence it was concluded that the luteinizing hormone of 
pregnancy'^ urine (chorionic gonadotropin) is able to stimulate the follicles 
only after the ovary has reached a certain stage of maturation [Sely’e & 
Collip, 1933; Selye, Collip & Thomson, 1933, 1935]. The fact that the 
atrophic ovary of the hy’pophy’-sectomized rat likewise responds only with 
theca luteinization and reveals no follicle maturation or corpus luteuni 
formation after treatment with such pregnancy urine preparations sub- 
stantiated this conception [Noguchi, 1931; Collip, Sely'e & Thomson, 
1933 a, 6; Collip, Thomson & Selye, 1933]. 

It appears probable that in order to obtain corpus luteum formation 
with chorionic gonadotropin a pituitaiy principle not present in pregnancy^ 
urine (probably the follicle stimulating factor — FSH) must sensitize the 
ovary. In the case of prepubertal rats this pituitary factor is furnished by’ 
the animal’s own hypophysis, Avhile in animals younger than 18 day’s the 
hypophysis is apparently so immature that chorionic gonadotropin cannot 
stimulate it to produce FSH [Selye & Collip, 1933]. 

In view of these considerations, it appeared of interest to establish 
Avhether the atrophic ovary of the testosterone-treated immature rat 
Avhich contains only a few immature follicles would respond to chorionic 
gonadotropin with follicle maturation and corpus luteum formation or 
whether — like that of the hypophy’sectomized rat — it Avould only react 
with theca luteinization. By establishing this we hoped to decide Avhether 
it is the condition of the ovary or that of the hypophy’sis Avhich determines 
the action of chorionic gonadotropin. The ovary of an immature rat 
receiving prolonged treatment Avith testosterone is quite comparable to 
that of a hypophysectomized animal inasmuch as the follicles reach only 


353 


EFFECT OF AXDROGEN OX DDLA.TURE GOXAD 

very early stages of maturation and then undergo atresia while their theca 
cells are transformed into the so-called ‘wheel-cells’ which are character- 
istic of hypophyseal deficiency. If the response of the ovary is conditioned 
hy the degree of its development, the gonad of testosterone-treated animals 
should only respond with theca luteinization just as that of hj-pophy- 
sectomized animals. If, on the other hand, its reactivity is dependent upon 
the production of a synergistic pituitary principle, it should be able to form 
mature follicles and corpora lutea after chorionic gonadotropin treatment, 
assuming of course that testosterone does not iirterfere with the normal 
responsiveness of the animal’s own pituitar}*. 


Experimental 

In order to answer these questions a group of female albino rats was 
treated daily with 1-0 mg. of testosterone propionate in 0-05 ml. of peanut 
oil intraperitoneally for 14 daj’S beginning on the second day of life. After 
that, treatment with the same dose was continued for IG more daj's but the 
injections were administered suhcutancoush’. It was necessary to ad- 
minister the liornione intraperitoneally during the first two weeks of life 
because the soft skin of very immature rats is not clastic enough to prevent 
regurgitation of the oily solution througli the needle punch. Another group 
of eight females of the same age was similarly treated with peanut oil only. 
On the 30th day of treatment one ovary was removed from three animals 
of each group by laparotomy for histological c.vamination, and after this 
each of the sixteen rats was given .six daily subcutaneous injections of 
100 I.U. of ‘Physex’, a chorionic gonadotropin prejvaration which con- 
tained 15,000 I.U. per gramme. Ai the .‘■nme time, the daily oil and 
tc.sto^lcronc juopionnte injections were continued in llic two groups in the 
same manner as prior to the initiation of the gonadotroj)in treatment. .Ml 
animals were killed on the 7th day so that each of tlie gonadotropin-treatM 
rats u'ceived a total of GOO 1. 1'. 


Histological examination of the ovaries ninoved bv biopsy 

befon' the chorionic gonadoiropin treatment was .st.artcd— shfc.verl 
the ])c;umt oil-treated controls (Plate I. Fig. 1 ) thi- .average ovarian 
w.as I.") mg. (range; 13-G-l‘.'-l mg.), ami althfuigh iin rf‘rjx>rri hi!* 
dctc< tabic in thi'H- j'rcpubcrtal animal-, the follicle- yerr- ■acll (i'-v 
M'Vcr.il of them showing fairly largo atitra. Tl;<‘ thes-^ ,,■]!- -.•.ere r>f 
.'qi)s ar.ince. In croitneii-tiru ti'm to tlic-e the o\ aries ,,f iP.. tz-v. 
inji -.'tel r.ats (Plate 1. Fig. liad at) avz r.ige n,:-;.* ,,f G r;,g 
•I'.’i 7-1 nig 1 .-U'.d ri vi'a!' (l only .a fi--., -ror.I! fo"!.-!.-, j-.o , c j ■ 
at tx t ’.c, I 1 t hx'i'.a It'!!- t\ < r»* t r.ar.-fof^p^-t int .-i ’ . * o; 

'ti 'Ih, In- Y-f ci.ajajl. a t!:’.-;' r'-' t r.t .atre- <. '1';,. . 


that is 
that in 
y. i-ight 
■a v,i n‘ 
cl'.JvZ'i, 
n.gmal 
!* ?■' ‘I'. - 

). V. ' -f. 
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Iiilum region they contain tlio typical medullary cords which have pre- 
viously been described in testosterone-treated immature rats [Selye, 1940] 
and are considered to bo a sign of partial masculinization of the gonad. 
After the gonadotropin treatment the ovaries of the control animals (that 
is, those pretroated vdtli peanut oil only) were greatly enlarged, their 
average Avcight being 90 mg. (range: 08-110 mg.) and showed numerous 
recent corpora lutea (Plate I, Fig. 3). The ovaries of the testostcrone- 
pretreated group, on the other hand, were less conspicuously enlarged, 
having an average weight of 18 mg. (range; 12-27 mg.), but upon histo- 
logical examination all of them showed recent corpora lutea and in most 
cases several ‘blood points’, that is, haemorrhages into the central ca\dties 
of newly formed corpora lutea (Plate I, Fig. 4). 

From these experiments we may conclude that even though the very 
atrophic ovary of testosterone-treated immature rats does not enlarge as 
much under the influence of chorionic gonadotropin as the ovary of a 
normal animal, it responds essentially in the same manner, that is to say, 
with follicle maturation and lutcinization. It is evident that the ovary of a 
testosterone-treated animal cannot respond quantitatively as well as that 
of a normal control since it contains fewer follicles capable of lutcinization. 
Yet the fact that the formation of true corpora lutea is still possible in these 
ovaries under the influence of chorionic gonadotropin — which causes only 
theca lutcinization in the similarly involuted gonads of hjq^ophysectomized 
rats — proves conclusively that the inability of luteinizing hormone to 
transform the granulosa of the hypophysectomized rat into a corpus 
luteum is not due to the atrophic condition of the granulosa itself but to 
the absence of the pituitary. This confirms our theory [Setye et al., 1933, 
1935] according to which the normal action of chorionic gonadotropin is 
due to its ability to stimulate the animal’s own hypophysis to produce 
another gonadotropic hormone, which acts synergisticall 3 ’^ with the preg- 
nancy urine principle. The above experiments show, furthermore, that 
although testosterone inhibits the gonadotropic hormone production of 
the hypophysis, it does not prevent this gland from producing this syner- 
gistic gonadotropic principle Avhen chorionic gonadotropin is administered, 
and does not render the gonad irresponsive to gonadotropic hormones. 

In a second group of sixteen one-day-old male albino rats we repeated 
this experiment in exactly the same manner as in the above females, hence 
a detailed description of the experimental conditions is unnecessary. We 
wish to mention, however, that under the influence of testosterone the 
average testis-Aveight decreased from the normal of 892 mg. (range: 
700-1330 mg.) to 348 mg. (range: 250-500 mg.) and that both the inter- 
stitial cells and the seminal epithelium underAvent severe atrophy. Hoav- 
ever, spermiogenesis Avas not completely inhibited in all cases. After the 
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gonadotropin treatment the average testis-weight of the controls showed 
only a slight increase to 922 mg. (range: 870-1525 mg.), while that of the 
testosterone-pretreated males rose more markedly to an average of 761 mg. 
(range : 520-839 mg.). The seminal epithelium showed only slight stimula- 
tion, while the interstitial cells were greatly enlarged under the influence 
of chorionic gonadotropin, both in the testosterone-pretreated and in the 
control animals. 

It is of some interest to note that testosterone does not prevent the 
gonadotropic action of chorionic gonadotropin in males, but this observa- 
tion is far less important than the corresponding finding in females, since 
even hj'pophysectolny does not abolish the responsiveness of the male 
gonad to such preparations. 


SmDIAEY 

E.xperiments in immature rats indicate that, although testosterone pro- 
pionate causes an ovarian atrophy comparable to that produced b 3 ' In'po- 
phj'scctom}’-, it does not interfere with the normal responsiveness of the 
ovarian follicles to chorionic gonadotropin (gonadotropic prcgnanc\- urine 
preparations). Since h 3 *pophyscctom\' prevents the respon.se of the follicles 
under similar conditions, it is concluded that the irresponsivcncss induced 
bj' ablation of the pituitar}- is not due to the atropln- of the gonad. It 
appears more likch* that chorionic gonadotropin is dependent for its action 
on the follicles ujjon the compensatory- secretion of another gonadotropic 
principle (probably the follicle-stimulating factor) by the animal’s own 
pituitary-. 

The experiments herein reported .chow furthermore that to.sto=tcrono 
docs not induce ovarian atrojihy- by- direct action on the gonad it.cclf but bv 
inhibiling the normal .cccrction of liy-po{)hy-.ccal ponadotrojiic hormon''s. 
Chorionic gonadotropin can .ctimulate the secretion of gonadotroj)ic j)itui- 
lary- honnonc.s even in iinimalc in which the normal .cceretinn of such 
hormones is inhibited by- testostenmo. 

In imm.'ituR- male rats, in which tlic int<-i>titial cells underwent atrujiliv 
as a result of tc-tovler<>ne propionate treatment, chorionic L-onado;roj>iri 
may- not only- n-ton- thc-i- (i lls to normal but cau-c ilicn: to ur.df.Vo 
hyjxTtrophy. Tlic seminal epitliclium. on the other h''.:i'!. .'-iiov. - b- • t ro- 
Jionnci'd atrojthy nr.der th.c inliucr.n- of to-to-t.'rf,r." .-.:;d i- - r’ -oi:!-.’ 
st iinnl.alcd bv cb.orionic coua'iotriinin. 
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PLATE I 



I'U:. I. Ovnry of iinlrontf*(l itninatoro 
roiUrol rat. /4S. 




J-io. 2. Ovnry of tc‘=tost/'rono.ln'.n!i'<I im. 
mature rot. Note tJic numlxT of 

depmomtinr follirlr-s \vlio«r tliff a otro- 
pliir. Tlie frw fnirlv Inrpn foUicIe<i nro in 
tlie proroc^ of ntre-.i.a. M(x]ull.i!y rnrtl-! n.-,< 
For’n nionp t!i<’ liilum on tli" ribht ri'.i'' of 
the pl.otopmjjh. >'4S. 





ANTIGONADOTROPHIN IN THE SERUM AND 
MILK OF THE FEMALE GOAT 

By F. DE FREl^IERY and B. SCHEYGROND 
From the Organon Laboratories, Oss, Holland 
{Received 2 September 1940) 

In animals receiving gonadotrophic hormone regtilarly for a comparatively 
long time, the appropriate effect on the gonads maj^ under certain con- 
ditions, be induced during only a relativel}' short part of that time. 

In such conditions an initial period of increased endocrine function of 
the gonads is followed b 3 ’ a period of inactivity and ultimate^ hj' atropliv* 
[McPhail, 1933]. Pari passu with the development of this refractor}' 
state the blood serum acquires the capacity to inhibit tho activity of the 
gonadotrophic honnone in question, if the scrum and hormone are in- 
jected into animals at separate sites. 

The conditions for development of antigonadotrophic sera require that 
the gonadotrophin shall have originated in the tissues of a species other 
than that of the animal yielding the senim. 

We found these antisera useful in identifying the species of origin of un- 
known gonadotrophic preparations, for example to see whether they had 
been extracted from pituitarics or from human pregnancy urine [cf. Sclyc, 
Bachman Thomson & Collip, 1934 ; Sclyc, Collip& Thomson, 1034 a, 6]. So 
as to have a continuous supply of fresh antiscnim we treated 3 goats with 
pregnancy urine extract for more than 21 years, during whicli time the 
scnim concentration of antihormone was checked repeatcdlv. We nL«o 
made a number of observations on the sexual activity of animals so used. 


M.\Tnni.\i. AND Muthods 

Tlircc adult female gnats were injected ever}' alteniatc dav between 
31 May 1937 and December 1939, with ajijiroximatelv 1,000 I.U. of 
chorionic gonadotrojiliin Cl’regnyr, Organon). 

The antigonadotrojihic goat serum wa--- tc.-ted on immatuu- female rats, 
20 I.lh of chorionic gonadotrophin bi ing injected in tlic cour-e of ." <lavs 
into the left Hank and th.e .‘>Tum into the ri;:ht ilatik. .\ t‘- -t tecard'-d 
as po-itive if mmeof the -i\ .animab u-r'd for eat h iho.,. of .o rum ri.o'.wi anv 
ovarian chatigc. enlargement of the i:t' ne-. <'r oorr.if. at: n. f'f tl." a 

(>nr unit of f'-nim artivit}- the ir.in.i::!".! ;■< ■■ . 

to inhibit th.e activity of 2o 1. 1', of t!..- 1 -,. t:;-: '' ■> 
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Results 

AntigonadoiropMn content of the senim 
Pooled samples of serum of the 3 test goats Avere examined repeatedly 
with the result given in Table I. 

Table I. Amount of antigonadotrophic goat scrum necessary to inhibit the 
response of immaUirc female rats to the injection of 20 1.U. chorionic gonado- 
trophin 


Duration of treatment 
(days) 

47 

8G 

123 

172 

231 

209 

3G3 

556 

592 

053 

918 


Doso of serum required to 
noutralizo 20 I.U. chorionic 
gonadotrophin 
(ml.) 

0-19 

0-075 

O-Ot 

0-08 

0-05 

0-00 

O-O-l 

0-06 

0-07 

0-07 

0-05 


After approximately 100 days’ treatment the sera reached a maximal 
antigonadotrophic value, Avhich further treatment did not increase. 


Sextial behaviour of the goafs 

No signs of oestrus appeared in any of the goats during the first year of 
treatment. In the second year all three came into oestrus. They were 
mated on about the 525th day, at which point 0-06 ml. of serum inhibited 
20 I.U., i.e. contained one unit of antigonadotrophic activity. 

Pregnancy began at once in 2 of the goats, but the third Avas mated 
at several oestrus periods Avithout eonception. The antigonadotrophic 
activity of the serum remained throughout pregnancy at the same level 
as before mating. 

The offspring Avere : 1 stillborn fully-developed kid dehA'^ered on 21 March ; 
and 2 kids delivered on 3 June, of Avhich one was fully developed but the 
other had died some time before. All of them Avere extremely emaciated. 
It is possible that the withdrawal of 150 ml. of blood from each animal 
shortly before delivery had a bad influence on the developing foetus. 

The serum of one of the Idds AA'^as collected 12 hours after its death and 
0-4: ml. were injected Avith 20 I.U. of chorionic gonadotrophin into imma- 
ture female rats. No inhibition Avas found: all the rats had a cornified 
vaginal smear and aU their ovaries Avere luteinized. It is therefore 
probable that the antigonadotrophin in the maternal serum does not pass 
through the placenta. 
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The gonadotrophin given to the mother had not produced any traceable 
effect on the ovaries or uterus of those kids -which -vrere examined histolo- 
gically. 

Antigonadotrophin in milk 

Lactation set in normally in both mothers. The antigonadotrophic con- 
centration of the serum was unaffected by either deliverj^ or the onset of 
lactation. 

The milk -was tested on immature female ra-ts bj’ the same method as the 
serum, our control being the milk of a goat that had had no gonadotrophic 
therapy of any kind. The results obtained are given in Table II. 

Table II. Effect of simultaneous injection of milk from goats injected icith 
chorionic gonadotrophin on the response of immature female rats to the injec- 
tion of 20 I.U of the same gonadotrophin 


Dose of 

No. of 

% rats 

% of lute- 

Mean vri. 

Mean vrt. 

milk 

rats 

in oestrus 

inized 

of uterus 

of ovaries 

(ml.) 



ovaries 

(mg') 

(mg.) 

Control 






1-2 

12 

04 

100 

94 

20 

30 

0 

73 

100 

72 

25 

Expcrimtntal 






0-3 

12 

78 

100 

82 

19 

00 

12 

84 

00 

8S 

15 

1-2 

30 

31 

24 

47 

10 

1-8 

18 

23 

0 

on 

9 


Each rat received 20 I.U. of chorionic gonadotrophin, and it is clear that 
the activity of this amount -v^-as totally inhibited by about 2 ml. of milk 
from the treated goats, -whereas the control milk did not inhibit the reaction 
at all. 

Since the daily milk yield -was approximateh- 1,000 ml., which is capable 
of inhibiting the activity of 10,000 I.U. of the gonadotrophin; and since 
the goats had received only 1,000 I.U. on allcmatc da\-s: it i.s aho clear 
that these animals had produced much more antihormone than was needed 
to counteract the foreign gonadotrophin given. 

By tlio 300th day post ]iartum, when the milk yield had fallen to 200 ml., 
2-0 ml. still inhihited 20 I.U. of cliorionic gonadotroj'hin. 

Ah'fr.rr of nrttigoT,adr,'.r(/p},in from i:rir,r 

Bcfnn' wc found out how relatively Inch wa« the .antiliorir.nnf' e.xrrction 
in the mill:, wc tried to dcinon'-tr.ate its prcsenr-c in the nrln.e. I'n-di nrir.e 
being (jiiitc inactive under our conditions of .a''=,av. v. c made .a ('c.nrf ntrr.te 
by ndiling cthaiiol and di^olvim.: in w.atcr the ; re- -ip-tr.te ?o obt.a::',> d. 
But tliis con.ci’nt rate v..as toxic. ttiat all th-"- exj-' riir ' nr:;;::-.!- r.t 

hi'.’h th'^ace ! 'V( h (iji d. e th* n ti-r,' n du'-r-i t!.'- ih' '■ of c:. .d- tr. t h; - 

3 b 
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hormone given with tlie serum to tlie rats and by so doing were able to 
investigate combinations of 33 ml. wrine with 20, 10 or 5 I.U. of the 
gonadotrophin. In no case was any inhibition of gonadotrophic activity 
demonstrable. 

The precipitate used in these experiments was treated with barium 
hydroxide and thereby so purified that we could test the equivalent 
activity of 200 ml. of urine. This was injected simultaneously with 10 and 
with 15 I.U. of the gonadotrophin, without success. 

We also tried to investigate an ammonium sulphate precipitation of 
urine, but failed because all animals died during the treatment. 

Discussion 

Several authors have noticed that if gonadotrophic hormones from 
another species be injected for a long time, ovarian activity is at first in- 
creased (multiple corpus luteum formation, uterine and vaginal changes) 
and later inhibited (exhaustion atrophy). Factors appear in the blood 
which can prevent even the initial activity of these gonadotrophic hor- 
mones in fresh animals, Thompson [1939] recently stated that the serum of 
a dog, immunized over a period of 3i years to an extract of sheep pitui- 
taries, induced abortion in bitches injected in the last stage of pregnancy. 
In contradiction, Zondek, Hochman & Sulman [1939], found that the serum 
of a goat immunized over a period of 9 months to a mixture of preg- 
nancy urine, anterior pituitary extracts and retroplacental blood (all of 
human origin), failed to prevent oestrus in female rats ; during the time 
of administration of antiserum these animals ivere mated, pregnancy was 
normal and no abortions occurred. The antiserum, however, proved to be 
highly active in immature female rats. 

The three goats described in this paper received a gonadotrophic prepara- 
tion of human pregnancy urine over more than 2 years. During the autumn 
of the first year they showed no sign of sexual activity ; the ovaries were 
probably atrophic as in other animals treated for several months. The 
serum then had a high value for the antigonadotrophic factor. 

During the second year the sexual behaviour again became indistinguish- 
able from that of untreated goats, all were mated, and two of the tliree 
became pregnant. The antigonadoti’ophic serum value remained uni- 
formly high up to the end of the experiment; clearly therefore the high 
concentration of antigonadotrophic activity against a ‘foreign’ (in this 
case human) gonadotrophin had no adverse effect on the progress of oestrus 
or pregnancy. 

In all probability the antigonadotrophic factor does not pass through 
the placenta, since none was found in the blood of one of the newborn kids. 

Passage through the kidneys cannot with finality be excluded, since 
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although "we failed to demonstrate its presence in the rnine, v,-e had been 
forced to work with urinary concentrates and conceivably the factor was 
destroyed by our method of extraction. 

It must pass somewhat freelj’’ into the mdk, since 1 litre of milk was 
sufficient to inhibit the activity of 10,000 I.U. of chorionic gonadotrophin. 
Milk is therefore a good starting material for the extraction of the anti- 
gonadotrophic factor. 

The serum values reach a constant level after about 100 days’ treatment 
by our method (constant dosage of gonadotrophin throughout the whole 
experiment). But since the antigonadotrophic factor is daily excreted in 
large quantity during lactation, it is clear that the formation of this factor 
must go on continually, at least in the lactating animal. 

We are now trying to see how long this production goes on after gonado- 
trophic treatment is at an end. 

SUMMAUV 

1 . Three goats were treated for more than 18 months with 1,000 I.U. 
every other day of a gonadotrophic extract from human pregnane}* urine. 

2. During the autumn of the 1st j'ear sexual acti\*ity was in abeyance, 
but in the 2 nd 5 ’ear all the animals came on heat and mated. Two were 
pregnant until term, but the kids were bom dead. 

3. The antigonadotrophic activity of the serum of these goats was 
repeatedly tested on immature female rats. The values rose during the 
first 100 days and then remained more or less constant at a point whore 
about O'O ml. thus inactivated 20 I.U. of the chorionic gonadotrophin. 

‘ 1 . The blood of the young showed no antigonadotrophic activity. 

5. The urine of the adults showed no antigonadotrophic activity. 

6 . Tlio milk of these animals was strongly antigonadotrophic, 1 litre of 
milk totally inhibiting the action of 10,000 I.U. of chorionic gonadotrophin 
in the immature female rat. 
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THE CURVE OF ELIMINATION AND EXCRETION 
OF CHORIONIC GONADOTROPHIN DERIVED 
FROM THE RATE OF HORMONE RECOVERY 
AND ANTIHORMONE CONSUMPTION 

By B. ZONDEK. F. SULMAN and J. SKLOW 

From the Laboratory of the Obstetrical-Gynaecological Department, Rothschild 
Hadassali University Hospital, Jerusalem 

{Received 4 October 1940) 

It is well kno^vn that the gonadotrophic Jiormone from pregnanc^^ urine 
(chorionic gonadotrophin) rapidly disappears from the blood after its 
injection. Lipschiitz & Vivaldi [1934] recovered onlj’- 20% 6-8 hours 
after its intravenous injection in the rabbit, and only 10% after 10 hours. 
Stamler [1937] who conducted similar experiments on dogs found that 
3 hours after intravenous injection, onl}"^ 38-4% remained in the blood. 
The hormone appeared in the urine within 1 minute of its administration, 
its excretion continued for over 20 hours, the total amount excreted in 
the urine being 11*2%. In the gelding, Stamler could find in the urine 
only 5% of administered chorionic gonadotrophin. 

The investigations of Zondek [1935] have shown that up to 5% of 
subcutaneously injected chorionic gonadotrophin maj’’ be excreted in the 
urine in the rabbit or rat ; and in human beings such excretion ma}^ reach 
10 %. 

Experimental 

Urinary excretion of chorionic gonadotrophin 
We have recently checked these result on rats, emplo3mig another 
technique: 5 female rats had their urinarj’^ bladder ligated between the 
collum vesicae and the vagina. Immediatelj’^ afterwards 1000 I.U. of 
chorionic gonadotrophin (‘Korotrim’) were given subcutaneously in 
0-5 ml. normal saline. At intervals of 1, 2, 4, 20 and 24 hours the rats were 
killed and the urine collected from their bladders and assayed for chorionic 
gonadotrophin. After 4 hours we found 1%, after 20 hours 2%, of the 
amount administered. In a second assaj'^ on 5 male rats, we ligated the 
urethra subcutaneously and immediately afterwards the rats were injected 
with the same amount of gonadotrophin dissolved in 2 ml. of distilled 
water in order to cause a strong diuresis. At intervals of 1, 2, 4, 20 and 
24 hours the rats were killed, their bladders emptied and the chorionic 
gonadotrophin in the urine determined. After 20 hours we found 5% of 
the injected gonadotrophin; before and after that interval none was 
found. 
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Destruction of chorionic gonadotrophin in the body 
Having thus established that chorionic gonadotrophin is excreted in 
the urine only to a small extent, we proceeded to investigate the amount 
of hormone detectable in the body at various intervals after injection. 

In 1934 one of us [Zondek, 1934 a, 6] devised a simple method of investi- 
gating the rate of decomposition of oestrogenic hormones in the organism. 
This method has been extended to progesterone [Zondek, 1939] and to 
chorionic gonadotrophin [Zondek, 1940]. It consists of subcutaneous in- 
jection of immature animals with the hormone and the subsequent extrac- 
tion of the whole animal (Method I). Another method was also proposed 
[Zondek, 1940] in which a certain amount of chorionic gonadotrophin is 
injected in immature female rats and after a certain interval smaller 
amounts of an antiserum to the gonadotrophin are given. The minimal 
dose of antihormone required to prevent the gonadotrophic reaction at anr’^ 
interval indicates the amount of chorionic gonadotrophin circulating in 
the body at that time (Method II). 

Technique. Method I 

Immature male rats weighing about 30 g. received one subcutaneous 
injection of 250 I.U. of chorionic gonadotrophin. Then they were killed 
at intervals of 0, 1, 4, 8 12, 18, 24 and 30 hours. The bodies were cut 
into pieces and minced. Five times the amount of acetone was added to 
the resultant mash and well stirred, the acetone being 3 times poured 
off and fresh added. The residue was ground until a fine dry powder 
resulted. This powder was extracted with 75 ml. N/20 NaOH for 4 hours, 
with 75 ml. of N/20 HCl for another 4 hours and finally with 50 ml. of 
distilled water for 1 hour. These 3 extracts were then mixed, neutralized, 
washed with ether, centrifuged, made up to 200 ml. and tested on infantile 
female rats for their content of gonadotrophic hormone [cf. Zondek, HMO], 

T(chni<juc. Mrtho'i II 

.■\ntiscnvm which is given s\ibcutaneously in immature female mts 
within 21 hours after the administration of ehorionie gonadotrophin is 
able to cheek the gonadotrophic reaction [Zondek A: Sulman. 1937 51. 
It has been demonstrated [Zondek A: Sulman. 19.37 r] that chorionic 
gonadotroi'hin-nntiscnim neutnalir.ation follows strict quantitative Inns 
which allow an exact standardiration. With the aid of the-- nn thod- it 
has bi-en shown [Zondek. It'loj that 2-! hours .after injection of t!:- 
gonadotroi'liin in the vhitc r.it only irr.. mav I>" re. oven- 1. On th- 
ba^i‘- of thc'i' n'-tilts we have pnvi>---ie i to draw a ctjrve of t-!,ori--.i ' 
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gonadotrophin decomposition in the bod3^ 5 I.U. were injected in 7 
groups of 5 immature female rats. After intervals of 0, 1, 4, 8, 12, 18, 24 
and 30 hours the rats were injected with varying amounts of antiserum, 
which were able to neutralize 5, 3-75, 2-5, 1-2/5 and 0-5 I.U. of gonado- 
trophin respectively. The antiserum had been drawn from a goat which 
had been treated Avith subcutaneous injections of 2500 I.U. of chorionic 
gonadotrophin daily for a period of one year. The serum of this animal 
had an antigonadotroiihic titre of 2000 anti-units per ml.,^ it was preserved 
according to the method of Zondek & Sulman [1937 o] in the form of an 
acetone-dry powder, 70 mg. of which represented 2000 anti-units. With 
the aid of this preparation Ave proceeded to investigate the amount of 
antigonadotrophin required to obtain complete neutralization of the 
gonadotrophic reaction at A'^arious intervals after the injection of chorionic 
gonadotrophin. The amount of antihormone required alloAVs of a direct 
estimation of the amount of gonadotrophin still circulating in the rat. One 
typical experiment is shoAvn in Table I. 

The synopsis of the results obtained Avith methods I and II tabulated 
in Table I demonstrates the rate of the decomposition of chorionic 
gonadotrophin Avithin the bod 3 ^ The results obtained for the gonado- 
trophic reaction I (A’-aginal oestrus) AA’^ere generall}'- the most reliable. 
Rat 1 (method I) shoAA-ed that the gonadotrophin injected into the assay rat 
could be recovered 100% by our extraction method. Rats 1-5 (method II) 
Avere set up to check the titre: they shoAA'ed that if gonadotrophin and 
antigonadotrojAhin AA^ere giAmn simultaneously, 5 I.U. of the former 
Avere neutralized by 5 anti-units of the latter. Rat 8 (method II) proves 
the existence of a maximum of 2-5 I.U. in the bodj’^ 1 hour after 
the injection of 5 I.U. Avhich corresponds to the 50% recoAmry in method I. 
Rat 14 of method II demonstrates that after 4 hours more than 1-25 
anti-units are required to inactivate the previously injected 4 I.U. of 
gonadotrophin ; this is in accordance Avith the 30% recovery in method I. 

Similarly 8, 12 and 15 hours after the injection of 5 I.U. of gonado- 
trophin, more than 1-25, 0-5 and 0-5 anti-units respective!}'' had to be 
given to inhibit the gonadotrophic reaction ; these figures also agree AAuth 
the 25%, 20% and 15% recoveries found by method I. 

It was found that 24 hours after the chorionic gonadotrophin injection 
the antihormone Avas ineffective (Rats 31-35) OAving to the fact that the 
gonadotrophic reaction of the ovaries had then started and the oestrogen 
produced by the matured follicles had entered the blood producing 
oestrus. The injection of even 40 anti-units at this time did not inhibit 
the i vaginal reaction. Thirty hours after the gonadotrophin injection 

* 1 anti-unit is the amount necessary to neutralize the effect of 1 I.U. of chorionic gonado- 
trophin in tlie immature female rat. 
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the gonadotrophic reaction was more pronounced and method II quite 
inapplicable. Method I shows that at these times only 10% and 5% of 
the injected hormone were stiU present in the body. 

Table I. Amount of chorionic gonadotrophin {CG) circulating in the body 
at different intervals after injection 


Method I Method II 
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The initial rapid elimination and subsequent gi’adual decrease in the 
amount of hormone present in the bodj’- are graphically shown in the graph 
derived from the results obtained b 3 '^ method I. 



Bato of elimination of injected chorionic 
gonadotrophin in the immature female rat. 

Discussion 

It should be stressed that the very same curve, as drawn above, based 
on the rate of gonadotrophin elimination if small quantities (5 I.U.) 
are injected (method II), could be drawn from the rate of decomposition 
of chorionic gonadotrophin if large quantities are emplo 5 '^ed (250 I.U. — 
method I). It seems that there exists a general rule of inactivation: an 
excessive amount of hormone administered to the bodj' is reduced within 
one hour to half of its original amount, and when the irreversible reaction 
of the stimulated organ starts after 24-27 hours, onl}'- a small part (10%) 
of the hormone remains in the bod 3 ^ The rest has meanwhile been elimi- 
nated without appearing in the urine. This phenomenon may be called: 
‘Initial drop of the latency period’, which may be defined as the rapid 
reduction of the excess in hormone administered to the body, to a mini- 
mum level, before the gonadotrophic reaction itself sets in. This rule 
seems also to be true, with regard to sex hormones such as oestrone 
and progesterone [Zondek, 1934 a, b, 1939]. 

Regarding the fate of chorionic gonadotrophin in the body one problem 
is still to be clarified: if 50-70% disappears from the organism 1-4 hours 
after a subcutaneous injection, and if only 1-5% appear in the urine — 
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what has happened to the 49-65% left in the organism ? In answer to 
this problem we may refer to the investigations of Gordon and his col- 
laborators [Gordon, Kleinberg & Charipper, 1937 a, b, 1939; Gordon, 
1937] who assume that decomposition of the gonadotrophic hormone is 
carried out in the reticulo -endothelial system. 

SusmARY 

The curve of excretion of chorionic gonadotrophin in the mine following 
subcutaneous administration in rats, having their urinary bladder ligated, 
has been studied. The curve rises slowly and in the course of 4 hours 
only 1% of the hormone is excreted. The whole excretion during 20 hours 
amounts to 5% of the gonadotrophin introduced. Bejmnd this stage no 
excretion seems to occur. 

The curve of elimination of the hormone from the body was quite 
different and has been studied by: I — ^the method of extraction of cho- 
rionic gonadotrophin from treated rats, and II — ^the method of subsequent 
administration of antihormone to rats previously treated with chorionic 
gonadotrophin. The most striking feature of this curve is the initial faU 
in the amount of the chorionic gonadotrophin injected, which brings 
about a decrease of 50% vithin the first hour. Later on the curve declines 
more gradually to reach a 10% level 24 hours following the subcutaneous 
injection. At this time the ovary commences to undergo irreversible 
gonadotrophic changes. The initial rapid decrease of the chorionic 
gonadotrophin in the body may be termed the ‘ initial drop of the latency 
period’. 
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THE INUNCTION OF SEX HORMONES ON THE 

SKIN 
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Moke than a decade ago, Zondek [1929] showed that oestrone is absorbed 
by the skin. He applied the hormone in oil or ointment to the shaved 
skin of mice, and found that 7 times the amount which produced vaginal 
cornification by injection would do so by inunction. Later [1935 a] he 
reported that, following the inunction of oestrone in ointment to the skin 
of guinea-pigs, first the locally-treated mamma enlarges, followed bj-^ those 
moi’e distant from the site of inunction. An oestrogenic ointment 
(‘Oestraglandol’) was also used with success in the local treatment of 
pruritis vulvae and acne vulgaris, and in the treatment of menopausal 
symptoms, in the human female [Zondek, 1935 6]. 

It seemed clear, therefore, that oestrone absorbed percutaneously is 
able to exert its normal effects throughout the body, but that it tends to 
act more effectively at the site of inunction if responsive tissue is there 
present, than elsewhere, at any rate when given in an oily or fatty base. 
This might have been predicted from such results as those of Fussganger 
[1934], who first showed that the application of androgens directly to the 
comb of capons is a highly efficient method of stimulating comb growth, 
a small fraction of the amount required by injection being sufficient to 
produce a given increase in size. Jadassohn, Uehlinger & Margot [1938 a, 
6], and MacBryde [1939], also showed that, in women, the inunction of 
an oestrogenic ointment to one breast is followed by a greater response 
in the treated breast than in the other breast, receiving the ointment base 
only. 

The investigations referred to above were carried out with oil or oint- 
ment as the medium carrying the oestrogen. An inquxrj'^ into the effec- 
tiveness of other solvents was made by Ito, Hajazu & Kon [1937], using 
vaginal oestrus, uterine and mammary responses of rats or rhesus monkeys 
as criteria. They found that the inunction of oestrone was most effective 
in 60% alcohol, the next best solvents being hydrous wool fat and then 
petrolatum. 

Zondek [1938] extended these results and showed that the production 
of vaginal cornification in spaj’^ed female mice is as effectivety realized by 
the inunction of oestrone in benzol, ether or 96% alcohol as by injection 
in oil, and that these solvents are far superior to oil for inunction. The 
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same superiority of the organic solvents was also seen when impairment 
of growth and antimasculine effects were used as criteria, the inunction 
of oestrone in these solvents proving as effective as injection in oil. In 
women, inunction of a tincture of oestrone or oestradiol benzoate in 96% 
alcohol was nearly as good as injection of the same quantity of oestrogen 
in oil. 

Deanesly & Parkes [1937], using minimal doses, had meanwhile con- 
cluded that testosterone and testosterone acetate or propionate, when 
given by inunction in oil or propylene glycol, are not highly effective in 
restoring the prostate and seminal vesicles of castrated male rats. Moore, 
Lamar & Beck [1938] compared the actions of testosterone and its pro- 
pionate when applied by inunction in a ‘lanolin-like menstruum’ or in 
cream to the skin of male rats and guinea-pigs. Using very large doses 
they concluded that the free hormone is superior by this route to the 
esterified form, and emphasized the ready absorption of both androgens 
and oestrogens through the skin. 

Further work with male hormones, in the clinical field, has been carried 
out by Foss [1938, 1939], He compared the effects of testosterone and 
testosterone propionate when administered by injection in oil, and super- 
ficial appUcation in ‘ointment’ and in 96% alcohol, on a eunuch, a 
eunuchoid and a case of delayed puberty. He concluded that 2-3 times 
the injected dose of testosterone propionate must be applied as an oint- 
ment, and about 6 times as a tincture in alcohol, to obtain comparable 
results. This is at variance with the experiences reported above, and is 
thought by Foss to be due possibly to ineflScient inunction of the alcoholic 
tincture. A decision as to the relative merits of the free or esterified form 
in tincture was not made. However, Zondek & Sulman [1939] also found 
that although testosterone in alcohol is superior to testosterone in oil 
when both are given percutaneously to the castrated rat, it is onl3' about 
one fourth as effective as testosterone injected in oil. 

Scott [1940] compared the activities of methjd testosterone, testosterone 
and testosterone propionate in castrated rats, inuncting the material 
in lanol (lanolin) and tegin. Little difference was found between the 
responses of the prostate and seminal vesicles to the first two (free) 
compounds, but both were more effective weight for weight than the 
propionate. Tegin appeared to be a rather better medium than lanol. Nelson, 
Greene & Wells [1940] also investigated the effectiveness of testosterone 
and its propionate in castrated rats, using the weight increase in the 
prostate gland and seminal vesicles as criteria. The^- found that both 
compounds were more effective when inuncted in alcohol than in oil, 
lanolin or ‘ointment’, and that testosterone wa.s more effective porcu- 
tancouslj- in alcohol than subcutaneously- in oil. Testosterone propionate, 
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however, is less effective percutaneousl}'^ in all media tlinn b}’’ injection, 
and, in general, less effective by inunction than free testosterone. As the 
volume of media used was 0-1 ml. per treatment, containing 0-2 mg. of 
androgen, the effectiveness of free testosterone b}’’ injection was almost 
certainly less than would have been found with a larger volume of oil 
[cf. Deanesly & Parkes, 193G], but the contradictory results of Zondek 
& Sulman [1939] are not explicable on these grounds, as thej'^ also used 
0-1 ml. per injection. 

As to the mechanism of percutaneous absorption, Lasareff, Brussilov- 
ska 3 ^a & Livsehitz [1931] found that solvents sucli as benzene, ether and 
acetone arc themselves absorbed into the blood-stream wiien inuncted on 
the ear of the rabbit, or on the human skin. Tlie}"^ miglit therefore earrj’ 
a dissolved hormone with them. Eller & Wolff [1939] also determined 
permeability of the skin to fats, and found that tliej'^ penetrate mainly 
along the hair shafts and oil gland ducts. Liquid fats penetrate more 
rapidly than solid fats and the depth to which a fat penetrates depends 
on its nature, being greatest for animal fats, followed b 3 ’’ materials of 
vegetable and then by those of mineral origin, klost fats show an optimum 
penetration at 4-6 hours after application. A survc}’^ of the question is 
given by Eller & Wolff [1940]. Hj'drous wool fat appears onlj’’ to be 
absorbed by the keratin layer of the skin [Rothman — quoted by Eller & 
Wolff, 1940]. Baer [1939] believes, however, that no storage occurs in 
the skin after the absorption of oestrogens from unol fat, jjetrolatum or 
olive oil, as a minimal dail}'’ dose is required to maintain oestrus in spayed 
rats. 

The present investigation was undertaken in an attempt to clarify the 
position with regard to the local and general effectiveness of inuncted 
sex hormones and their synthetic equivalents. Whilst the previous evi- 
dence seemed to show that volatile organic solvents such as benzene or 
alcohol are unquestionably superior to oils or ‘ointments’ for the pro- 
duction of an effect in organs remote from the site of inunction, it u^as not 
clear whether they have this superiority in producing a strictly local 
effect. It seemed very possible that, despite Baer’s [1939] conclusions, 
an oily or fatty base retains the active material in the skin for a relatively 
long period and that a more pronounced local, but a less pronounced 
systemic activity might be the result. Eurthermore, it was thought 
desirable to determine with some degree of confidence the most useful of 
several common media for promoting percutaneous absorption. 

Esters of the substances investigated have not been used, as it seemed 
well enough established that they are less effective percutaneously than 
the free compounds [cf. Moore et al, 1938; Scott, 1940; Nelson et al, 1940 
quoted above]. 
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The Inttnction of Oestbogens 
Spayed mice 

Oestrone and diethylstilboestrol were inuncted in a variety of media 
on the clipped backs of spayed albino mice (Tables I and II). Each test 
consisted of two successive daily applications in 0-1 ml. of the medium, 
which was smeared or poured on the skin and gently massaged for a short 
period if necessary. The scoring and other details of the tests have been 
fuUy described elsewhere [Emmens, 1939]. The vaginal smears which 
were taken subsequently were marked as positive if comified or nucleated 
epithelial cells were present, vith no leucocytes. 


Table I. Data relating to the production of vaginal cornification in spayed 
mice by the inunction of oestrone in various solvents. An application o/ 0- 1 ml. 
was given on each of two consecutive days. 







%+ive response 

Date of test 

Solvent 

Total dose 

No. of mice 

No. +ve. 

±S.E.» 



(ago 




1/4/40 

ether 

0075 

10 

8 

80±12-6 

*> 

benzene 

0075 

10 

6 

60±15-5 

*1 

96% alcohol 

0-075 

8 

3 

37-5il7-l 


70% alcohol 

0-1 

9 

3 

33-3±15-6 

»» 

nut oil 

0-4 

8 

0 

0 


50% glycerol 

0-8 

10 

9 

90±9-S 

15/4/40 

nut oil 

0-8 

10 

9 

90±9-S 

20/5/40 

lanolin 

1-6 

10 

2 

20 + 12-6 

11/6/40 

benzene 

005 

10 

0 

0 

tt 

„ 

0-075 

10 

3 

30 + 14-5 • 

tt 

tt 

0-1 

10 

9 

90+9-5 

1/4/40 to 
ll/G/40 

oil, by 
injection 

0-1 

10-20 

— 

70-90 


* S,E, = standard error of mean. 


Table II. Data relating to the production of vaginal cornification in spayed 
mice by the inunction of diethylstilboestrol in various solvents. An application 
of Q- \ ml. was given on each of tivo consecutive days, using 10 mice per group 


Date of test 
20/5/40 


ll/G/40 




Solvent Total doso %+ivo response±S.E.* 

(ne) 


ether 0-05 0 

benzene „ „ 

0G% nleoliol „ „ 

nut oil 0-5 40il5'5 

00% glj-cerol „ 70il4-5 

lanolin 1-0 90±9-5 

ether 0-1 50il5-8 

Ijenzcne „ 20il2-6 

9G% alcohol „ 10i;9-5 

oil by injection „ 30^14-5 


• S.E. = standard error of mean. 


Witli both oc.strogcns a solution in ether proved the mo.st efficient, 
equalling and perhaps exceeding the efficiency of an injected oil solution 
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in producing vaginal oestrus. Benzene appeared nearly as good a medium 
as ether, and the responses to equal doses of oestrogen in the two media 
are not significant!}' different. 70% or 0G% alcohol is significantly less 
effeetive than ether (r c. O-OG in each case, where r is the probability of 
the observed differences being due to chance) and more effective than the 
other solvents used (p< 0-01), benzene excepted. Of the remainder, lanolin 
(anhydrous wool fat) is significantly less effective than nut oil or 50% 
glycerol in water (p<0-01), which do not differ significantly between 
themselves. The results with the natural and synthetic oestrogens are 
eompletely concordant. 

The influence of the solvent on the apparent potency of a given dose 
of oestrogen is considerable. The potency of oestrone, using the pro- 
visional dose/response curve obtained by inunction in benzene on 11/6/40 
(Table I) is very approximately 24 -with ether, 22 with benzene, IS with 
96% alcohol, J with 50% glycerol or nut oil, and 1 with lanolin as the 
solvent, and 20 for injection in oil. Diethylstiiboestrol, showing the same 
seriation, gives the figures 10 with ether, 8 with benzene or 96% alcohol, 
2 with 50% glycerol or nut oil, 1 with lanolin and 8 for injection in oil, 
the potency by inunction in lanolin being taken as unity in each instance. 

These figures reflect the ease with which the two oestrogens are able to 
reach the vagina in effective quantities and for a suffieient period of time 
to initiate cornifleation. Failure to cause cornification might be due to 
very rapid absorption and elimination, or to inadequate absorption. 
However, the reaetions were not unduly prolonged, as would be expected 
if lanolin, for instance, retained much of the 1-6 fig. apparently necessary 
to cause 20% of cornification and released it over a period of days. The 
matter seemed amenable to experimentation by inunction to the skin 
area from which new feathers Avere growing in cocks or capons, Avhich 
would show a more intense or prolonged reaction to the locally applied 
material if it Avere retained in situ by oil or fat. The failure to demonstrate 
this is recorded in the next section. 

Broum Leghorn capons 

The breast feathers of groups of BroAvn Leghorn capons AA'ere plucked 
and the neAv feathers alloAved to groAv for 10 days before the application 
of oestrogen. These feathers, AAdiich are black, respond to oestrogenic 
stimulation by producing salmon-coloured areas AA'hich extend along the 
length of the feather approximately 2 mm. for every 24 hours of adequate 
stimulation (i.e. the feather groAA's at approx. 2 mm. per day). Strong 
stimulation produces a Avide, complete bar, and AA'caker stimulation a 
rachis stripe only. Deanesly & Parkes [1937] had already shoAvn that 
0-25 mg. of oestradiol Avill produce a Aveak rachis stripe Avhen inuncted in 
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oil to the feather tract of BroTra Leghorn capons. In the present experi- 
ments therefore, 0-5 mg. of oestradiol was applied by a single innnction 
in diEFerent media to the skin area containing growing feathers. 

In ether and in 96% alcohol, 0-5 mg. of oestradiol produced, in groups 
of 5 birds, about equivalent degrees of feminization, varying in different 
birds &om an almost complete bar which narrowed towards the base of 
the feathers to a central rachis stripe. The visible action of the hormone 
had continued for between 8 and 16 daj's, as the central feminized stripe 
extended for a length of 1-6-3-3 cm. With benzene, a less extensive and 
rather less prolonged feminization occurred, and an even slighter effect 
was seen with nut oil. Lanolin as a solvent resulted in a mere trace of 
feminization on occasional feathers. The same degree of feminization was 
seen in breast feathers growing at a distance from the inuncted area, and 
there was thus no strictly local action of oestradiol in any solvent, nor a 
more prolonged action with those solvents giving a less intensive effect 
(i.e. a rachis stripe only). 

Inunction of diethylstdboestrol produced similar effects, but even 
1-5 mg. of the substance did not give extensive feminization. With this 
compound, 96% alcohol appeared to produce the greatest effect, followed 
by ether and benzene. In lanolin and nut-oil, it gave faint occasional 
traces of fawn colouration. This ineffectiveness of inuncted diethylstilbo- 
estrol reflects that already reported with regard to its anti-androgenic 
action when inuncted on the capon comb [Emmens & Bradshaw, 1939]. 
The data now presented seem to show that the inefficiency is due to 
inadequate absorption, as a long rachis stripe may be produced, showing 
that the substance has not been rapidly absorbed and eliminated. 

The IxxTKcnoN of Axdkogexs 
Castrated male rats 

Thirty young male albino rats were castrated and rested for 5 weeks, 
and then inuncted for 10 days on the shaved flanks with 0-5 mg. per day 
of testosterone in 0-1 ml. of various solvents. One group was injected 
with the same dose of hormone in 0-5 ml. of nut oil per daj’. The prostate 
gland and seminal vesicles were then dissected and prepared as described 
by Callow & Deanesly [1935]. The results are shown in Table HI. 

The average weight of the prostate gland of rats inuncted with the 
hormone in benzene or 90% alcohol was significantly greater than that 
when ether was the medium (r < 0-02), wliich in its turn was superior to 
lanolin (r< 0-02), which was superior to nut oil (p< 0-01). Inunction in 
benzene proved better than injection in oil (r<0-05). The probabilities 
arc those found with Fisher's [1938] t test. 
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Table III. The 7veighl of the jn-ostalc gland and seminal vesicles of casfraled 
male rats following the daily inunction of 0-5 mg. of testosterone in 0-1 ml. 
of various solvents for 10 days. All tests, on 5 rats per group, were made 

simultaneously 




Av. wt. of prostate gland 

Av. wt. of eeminnl vesicles 

Solvent 

Av. body-n-t. 

±S.E.* 

±S.E.* 


(g.) 

(mg.) 

(mg.) 

Benzene 

171 

258i5-S 

163±20-1 

96% alcohol 

179 

236d:200 

115±12-4 

Ether 

167 

184 ±10-5 

95 ±6-6 

Lanolin 

197 

136i6-4 

40±4-3 

Oil 

169 

103±0-6 

33±2-9 

Oil by injection 
(O'O ml. daily) 

180 

1 95 i 23-2 

80±ll-4 


• S.E. = standard error of mean. 


The same order of apparent potenc 3 '^ was shown b}’- the seminal vesicle 
weights, with benzene > ether (p c. 0-01) > lanolin (p<0-01) > oil 
(p<0-05). The seminal vesicle weights with 96% alcohol did not differ 
significantly from those with benzene or ether. Once more, inunction in 
benzene was sujDerior to injection in oil. 

Brown Leghorn capons 

As a corollar}’- to the tests with castrated rats, a further series of simul- 
taneous tests was run on groups of 9 or 10 Brown Leghorn capons by 
inunction on the plucked breast. Response was measured as the added 
increases in length and height of the comb which were produced b}'^ treat- 
ment [cf. Emmens, 1939]. Three consecutive dail 3 »- inunctions of 40 yg. 
of testosterone in 1 ml. of medium were given in ether, benzene and 96% 
alcohol, and three corresponding injections of 40 yg. in 0-1 ml. of nut oil. 
The dail 3 >' amount of testosterone was raised to 200 yg. for lanolin and oil 
by inunction. 

Table IV. The maxiimini comb groivtJi (increase in length plus height) pro- 
duced by three daily inunctions of testosterone in 1 ml. of various media on 
the phicked breast of Brown Leghorn capons. All tests %vere condticted 

sinizdtaneo 2 tsly 


Solvent 

Total dose 
(mg.) 

No. of birds 

Av. comb growth±S.E. 
(mm.) 

Benzene 

0-12 

10 

2-20±0-33 

Ether 

0-12 

9 

l-70±0-30 

96% alcohol 

0-12 

10 

l-30±0-26 

Lanolin 

O'CO 

9 

3-16±0-27 

Oil 

0-60 

10 

2-40±0-46 

Oil by injection 

0-12 

10 

3-75±0-45 


* S.E. = standard error of mean. 


The results (Table IV) show that injection in oil was superior to all 
inunctions, the comb growth produced being significantly greater than 
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■with, inunction in benzene (p < 0-02). Inunction in benzene ga've signifi- 
cantly more gro'wtb than in 96% alcohol (p c. O'Oo), that in ether falling 
intermediately. The three "volatile organic sol'vents were once more 
clearly superior to oil and lanolin, which, with 5 times the dose of testo- 
sterone, produced only shghtly more comb gro'wth. 

The comb gro'wth produced by inuncted testosterone in aU of •'..he media 
tes'ted did not reach a maximum untfl. 4 days after the last inunction, and 
had commenced to decrease by the 7th day. That resulting from injection 
in oil, however, was already faUing on the 4th day after the last injection. 

The Broim Leghorn capon comb 

The local effectiveness of different solvents for androgens may be tested 
by direct inunction on the comb. By this method, introduced by Fuss- 
ganger [1934] a very small quantity of androsterone -will produce measur- 
able comb growth. Emmens [1939] had sho'wn that 3 pg. of androsterone 
inuncted in oil 'will produce an increase in length plus height of 3-5 mm., 
hence this quantity was given in different media by three dailj’- apphca- 
tions of 1 pg. in 0-1 ml. of solvent. All tests were carried out together, 
•with 10 birds per group. The results -will be examined in greater detail in 
a subsequent communication, those given in Table V being sufScient for 
the present purpose. The mean comb-gro'wth on the day after the last 
inunction is given in the table, although the combs continued to grow 
for several daj's beyond this. Combs inuncted -with androsterone in lano- 
lin, oil, and benzene did not increase in size after the 4th daj’ following 
the last inunction, but those inuncted with 96% alcohol and ether con- 
tinued to grow shghtly until the 7th da\'. The order of activity in the 
different solvents was not affected by this added gro'wth, which in no 
case exceeded 45% of the figures given in Table V. Once more we see 
that the relatively inefficient solvents do not produce delayed absorption, 
which should result in more prolonged comb growth compared with the 
others. 

Table V. Comb groicth ({?icrcase in length plus height) produced by the direct 
inunction of 3 yg. of androsterone in various media on the combs of Broicn 
Leghorn capons. AU tests icere carried out simultaneously with 10 birds per 

group 


Solvent 

Av. comb growth 
(mm.) 

Alcohol 

4-95i;0-7i: 

Benzene 

4-70i;0 -JS 

Ether 

3*75^0*37 

Oil 

3-20i0-72 

Lanolin 

2tl3i;0-50 


• S.E. = standard error of mean 
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The comb groAvth resulting from inunction in 96% alcohol, .benzene, 
oil and other did not vary significantlj'-, and only alcohol and benzene 
were significantly superior to lanolin (p<0-05 and c. 0-01 resp,). There 
was thus little difierenco in action between the various solvents when 
applied directlj’^ to the site of action, the comb. 

Inunctiok of PitoonsTERONE ON Rabbits 
McPhail tests [1934] for progestational activity were conducted with 
Dutch rabbits, five daily inunctions in 0-2 ml. of medium being given on 
the shaved flanks. The results were scored as bj'’ Emmons & Parkes [1939], 
giving marks of ^-4 according to the degree of proliferation, and are 
shown in Table VI. 

The scores with benzene were significantly higher than those vdth 96% 
alcohol (p< 0-01), which were in turn significantly higher than those "vvith 
ether or oil (p< 0*05). Ether was not significant!}’- superior to oil in these 
tests, a rather surprising result. Inunction in benzene is as effective as 
injection in oil, the response to a total of 0-5 mg. by injection being 
between 2 and 3. 

Table VI. The respome of the rabbit nienis to progesterone inuncted in 
varions. media on the shaved shin by five daily applications each of 0-2 ml. 

with 3 animals per group 


Solvent 

Total doso 

(mg-) 

Moan rcsponso±S.E.' 

Benzene 

0-5 

2 - 3 ± 0-18 


1-0 

2-3±0-2I 


2-0 

3-2±0-18 

96% alcohol 

0-5 

0-8±0-33 


1-0 

l-7±0-C0 


2-0 

2-0±0-29 

Ether 

0-6 

l-0±0-74 


1-0 

0-5±0-29 


2-0 

0-5±0-29 

Oil 

0-5 

0-2±0-18 


1-0 

0-5±0-00 


2-0 

0-6±0-29 

* S.E. 

= standard error of moan. 


Discussion 

The results of this investigation have fuUy confirmed those of other 
workers, in showing that the volatile organic solvents are superior to oil 
or fat in proraotmg the percutaneous absorption of sex hormones. There 
seems little to choose between ether, benzene and 96% alcohol, but ether 
has headed the list in each test with oestrogens, and benzene in all but 
one with androgens, being not significantly worse than alcohol in the 
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t€sts involving local application to the capon comb. Benzene was also 
superior to the others in progestational tests with rabbits. Similarly, 
whereas oil has been placed last in each series of tests with androgens and 
progesterone, but not always significantly worse than lanolin, lanolin has 
proved least effective in each test with oestrogens. There thus appears 
to be a shght but consistent difference between the effectiveness of 
different media according to the group of steroid hormones which is being 
tested, diethylstilboestrol agreeing in general with oestradiol and oestrone. 

Large differences have been found in the apparent potency of both 
oestrogens and androgens when inuncted in different media, in tests 
involving action at a distance from the site of inunction, such as vaginal 
comification in mice and prostate growth in rats. Smaller differences, 
often not significant, were found when the object of the test was to assess 
the local effectiveness of the media in the capon comb-growth test, and 
although the tests involving the immction of oestrogens on growing 
feather-tracts showed well-marked differences between media, the action 
was not found to he strictly local. 

A further result of the tests has been an apparent negation of the idea 
that an oily or fatty base promotes retention of material and prolongs 
either its local or systemic action, as compared with other solvents. Nut 
oil and lanolin were relatively inefficient, whether intensity or duration 
of action was considered, locally or systemically. Whilst direct inunction 
of active material on the test-object is very effective in the case of the 
capon comb, this effectiveness is little influenced by the medium. 

On the other hand, intmction in all of the media tested was followed by 
some delay in absorption, a delay of a few days when the activity of the 
hormone was measured by test-objects distant from the site of immction, 
and of one or two weeks when its local effects were observed. This ten- 
dency was, however, more marked with the volatile solvents than with 
oil or lanolin. Such a delay, when added to that caused by esterification, 
e.xplains why the inunction of esters is not very efficient when compared 
until injection, as too great a slowing of absorption may occur. 

A very pertinent question would appear to be that concerning the fate 
of material inuncted in oil or fat. If the visible action of oestradiol when 
applied to the skin containing groiving feathers is neither as intense nor 
as prolonged dose for dose in lanolin as in ether, what happens to the 
oestrogen ? It seems unlikely that it is very slowlj* absorbed, since the 
rachis stripe produced should, under those conditions, be longer than that 
produced with the more effective solvents, and the comb growth from 
inuncted androgen should continue longer with oil or lanolin than with 
ether, but it does not, whether the inunction is made locally on the comb 
or on the skin. One must suppose that destruction or elimination of the 



378 


C. W. EMMENS 

active matei'inl maj^ be facilitated when it is applied in oil or fat, but 
in view of Foss’s findings, quoted above, that an ointment containing 
testosterone is more efficient in man than is an alcoholic tincture, tlie 
question must be regarded as unclarified. It certainly seems probable 
that a volatile solvent leaves behind it a precipitate of the hormone in or 
on the skin, -which would seem a very eficctive method of administration, 
and that oil or fat does not. 


Summary 

1. Various androgens and oestrogens and progesterone have been in- 
uncted in different media on the skin of mammals and capons, and on 
the capon comb. Their s 3 '^steniic activity has been measured by the pro^ 
duction of vaginal cornification in spa 3 ^ed mice, enlargement of the pros- 
tate gland and seminal vesicles in castrated rats, progestational prolifera- 
tion in rabbits and the growth of the comb in capons. Their local activity 
has been measured b 3 '- feather reactions and comb growth when applied 
to the site of action in capons. 

2. The tests have agreed in showing that, whether local or S 3 ’steniic 
activity is considered, the volatile organic solvents, ether, benzene and 
96% alcohol, are more effective as carriers of active material from the 
slcin surface than is oil or lanolin. In tests with rats and mice, inunction 
in benzene or ether is as effective as or a little better than injection in oil. 
In tests with rabbits, inunction in benzene, but not in ether, is superior 
to injection in oil. 

3. A slight but consistent superiority of ether as a medium was found 
when dealing with oestrogens, and of benzene when dealing with androgens 
and progesterone. 

The testosterone and oestradiol used in these investigations Avere 
generously provided by Messrs. Ciba Ltd. & Organon Laboratories 
respectively. 
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COMPARATIVE ACTIVITY OF THE GONADO- 
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Noble, Rowlands, Warwick & Williams [1939] studied the histological 
effects exerted on the ovaries of liypoph 3 ’^sectomized rats by gonadotrophic 
extracts from different sources, viz. : the pituitary glands of horses, oxen, 
sheep and pigs, the serum of pregnant mares and the urine of pregnant 
women. Of these extracts only those prepared from horse pituitary gland 
stimulated the ovary of the hypoplij^sectomized rat in such a way that it 
resembled that of a normal adult rat. It was observed, also, that extracts 
prepared from the serum of pregnant mares had certain properties similar 
to those of extracts of horse pituitary gland, but that differences occurred 
which seemed related to the degree of luteinization caused. In view, 
therefore, of the general biological interest of these two types of gonado- 
trophic preparation obtained from the same species and also because of 
their possible therapeutic use it seemed desirable to us that their com- 
parative activities should be investigated in greater detail. 

On account of their greater availability extracts of pregnant mares’ 
serum have been studied by previous Avorkers more extensively than 
preparations obtained from the pituitary gland of horses. Observations 
have been made on the effects as seen in a large number of animal species, 
but usually in animals with their pituitary gland intact. It is generally 
agreed that ovulation can be caused in such animals by injection of 
extracts of pregnant mares’ serum. Ovulation was readily induced in the 
rat [Cartland & Nelson, 1938] and in man [Davis & Koff, 1938], but less 
readily in the anoestrous qat [Windle, 1939] and in monkeys having non- 
ovulatory menstrual cycles [Hartman, 1938]. 

The quantitative response of the ovaries of hj^pophysectomized rats to 
extracts of pregnant mares’ serum has been studied by Pencharz [1939], 
Leathern [1939] and Pencharz, Cole & Goss [1940]. Leathern reported 
that corpora lutea are formed in the ovaries of the animals but it is 
not stated wliether ovulation occurred. We have been unable, with 
one exception, to cause ovulation in the hypophysectomized rat with 
pregnant mares’ serum. On the other hand, Ave have confirmed our 

* Beit Memorial Research Fellow. 
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previous finding that ovulation can be produced in similar test animals 
by the injection of an extract of horse pituitary gland. It is in this respect 
that we observed one of the major differences between extracts &om these 
two sources. 

Mateeial AifD JIethods 
Extracts 

Two extracts wure prepared from horse pituitary glands: (a) AP61B, 
an alkaline aqueous extract prepared from acetone-desiccated anterior 
pituitary glands of mares and staUions, and (6) AP70B, an extract simi- 
larly prepared from the dried glands of geldings. One mg. of each extract 
is equivalent to about 20 mg. of the fresh glands. 

Several extracts of pregnant mares’ serum were tested. These include : 
(a) PMS3, PMS13, PMS16 and PMS18, all specimens of the commercial 
preparation ‘Antex’; (6) MSI, MS2-{-7, MS4 and MS6, specimens of 
contributions towards the International Standard preparation of mare 
serum gonadotrophin, which were circulated for comparative trials under 
the auspices of the Health Organization of the League of Nations ; (c) the 
International Standard; (d) P!MS26, unextracted serum which was sup- 
plied by the Wellcome Physiological Research Laboratories, and (e) serum 
samples A3 and A4 [see Day & Rowlands, 1940]. 

Biological assay 

The extracts were assayed by their capacity to increase the weight of 
the ovaries of immature rats and to cause ovulation in oestro\is rabbits. 

Intact immature rats 

Groups of 5 or more immature female rats weighing 40-50 g. were 
injected subcutaneously once daily on five consecutive days, or the total 
dose was given in one injection on the first day. They were killed on the 
6th day and the ovaries and uterus were dissected. These organs were 
fixed in Bouin’s fluid overnight and then weighed after immersion for 
a few hours in 70% alcohol. 

Hypophyseclomized immature rats 

Similar rats were hj’pophysectomized and 10-12 da3-s later were in- 
jected as described above. Figures obtained from incompletely hj-po- 
physectomized animals, detected by examination of the sella turcica at 
autopsj', were excluded from the records. 

Oestroits rabbits 

Groups of 10 oestrous rabbits were given a single intravenous injection 
into the marginal car vein and the ovaries inspected at laparotomv 24 
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hours later. The results are expressed as the percentage number of 
animals in which ovulation was found. 



Fia. 1. The effect of extracts of pregnant mares’ serum on tlio ovaries of intact and 

hypophysectomized rats. 

O— — O = International Standard into intact rats. 

• - - - • = International Standard into hypophysectomized rats. 

• • = MSI into intact rats. 

0---0 = MSI into hypophysectomized rats. 


Histology 

The ovaries and uteri of the rats Avere prepared for histological examina- 
tion in the usual way; the ovaries Avere cut serially, every fifth section 
being mounted and stained Avith haematoxylin and eosin. The Fallopian 
tubes of some of the rats Avere cut serially, all tlie sections being mounted 
so as to facilitate examination for tubal ova. 


serujM aot) pituitary gonadotrophin 
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Results 

Quantitative differences in responses of ovaries of intact rats to extracts of 
horse pituitary glands and of pregnant mares’ serum 

Differences in response to five daily injections 


The nature of the quantitative response of the ovaries of intact rats to 
these extracts by this method of assay has recently been examined by 
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Fio. 2. The effect of two extracts of horse pituitarj- glands on the ovaries of intact and 

hj’pophyscctomized rats. 

0—0 = APGIB into intact rats. 

0---0 = AP61B into hj-pophysectomized rats. 

• • = AP70B into intact rots. 

• = AP70B into hj'pophyscctomized rats. 

Emmens [1940]. The main difference observed was that the average 
maximum response obtained with extracts of pregnant mares’ serum was 
about twice as great as that given by extracts of horse pit'uitar 3 ’ gland. 
This difference is illustrated in Figs. 1 and 2 which show dose-response 
curves for the weight of the ovaries of intact and hj-poplij'sectomized rats 
injected respectivel 3 ' with two preparations of mare serum gonadotrophin 
(MSI and International Standard) and two extracts of horse pituitarv 
gland (APGIB and AP70B). The full data relating to tiicse results arc 
given in Tables I and II. It is seen that in intact rats the response to the 
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Table I. Assay of extracts of pregnant marcs' serum in intact and 
hypophyscctoniized rats 


Extract Assay in intact rats Assay in liypopliyscctomizod rats 



Total 

No. 


Weight 

No. 


WoigJit 

Qualitative 


omount 

of 

Body- 

of 

of 

Body- 

of 

response of 

No. 

injootod 

rats 

v-cight 

ovaries 

rats 

weight ovaries 

ovaries 



(mg-) 


(g-) 

(mg-) 


(g-) 

(mg.) 



MSI 

0 

10 

50 

10 

4 

60 

6 

Atrophic 


ff 

1-6 

10 

61 

20 

— 

— 

— 



99 

2-5 

10 

48 

25 

— 

— 

— 



99 

6-0 

10 

47 

47 

0 

60 

18 

I.C.S. Hj-pernemia 

99 

10-0 

10 

49 

100 

0 

65 

30 

F.S. (Blight) 1 
in 3 1 
F.S.— M.G.L. 1 

|l.C.S. 









in 3 J 


it 

17-6 

— 

— 

— 

0 

50 

47 

F.S. with M.G.L. ond 









I.C.S. 


99 

25-0 

10 

44 

108 

5 

58 

52 

F.S. with M.G.L. and 









I.C.S. 


MS4 

0-16 

10 

60 

33 

— 

— 

— 




0-326 

— 

— 

— 

0 

63 

41 

F.S. no M.G.L. 









I.C.S. 


MS6 

1-6 

9 

45 

45 

— - 

— 

— 



99 

3-25 

— 

— 

— 

0 

49 

32 

F.S. no M.G.L. 









I.C.S. 


MS7+2 

2-6 

10 

60 

21 

— 

— 

— 



99 

10-0 

— 

— 

— 

6 

60 

37 

F.S. with slight 









M.G.L. I.C.S. 


MS Standard 

2-6 

10 

54 

22 

4 

45 

9 

I.C.S. 


99 

6-0 

10 

63 

33 

6 

60 

20 

Slight F.S. in 3 









I.C.S. 

99 

7-6 

10 

40 

50 

5 

49 

23 

Slight F.S. I.C.S. 

99 

10-0 

10 

44 

79 

4 

60 

20 



99 

12-6 


— 


0 

47 

40 

F.S. with some 
M.G.L. I.C.S. 


99 

16-0 

10 

47 

141 

— 

— 

— 



99 

17-6 

— 

— 

— 

6 

60 

41 



99 

20-0 

10 

60 

194 

— 

— 

— 



99 

26-0 

10 

51 

202 

6 

47 

40 

F.S. with M.G.L. 


I.C.S. 


F.S. = follicle stimulation 
I.C.S. = interstitial cell stimulation 
C.L. = corpora lutea 

M.G.L. = luteinization of mombrano granulosa in the absence of ovulation. 

serum preparations becomes asymptotic at about 200 mg., which is in 
close agreement with the results of Cartland & Nelson [1938]. In hypo- 
physectomized rats, however, the average maximum ovarian weight 
obtained Avith these substances is only about 40 mg. Pencharz [1939] 
who compared the effectiveness of pregnant mares’ serum in normal and 
liypopliji'sectomized rats found that Avhen small amounts Avere given the 
response Avas tAvo to three times greater in normal rats, but that larger 
amounts caused an approximately equal response in both types of rats, 
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Table II. Assay of extract of horse {AP61B) and gdding {AP70B) pituitary 
glands in intact and hypophysectomized rats 


Extract Assay in intact rats Assay in hypophysectomized rats 


Total ' 
amount 

'No. 

of 

Body- 

Weight 

of 

No. 

of 

Body- 

Weight 

of 

Qualitative 
response of 

No. injected 

rats 

weight 

ovaries 

rats 

weight 

ovaries 

ovaries 

(AP) • (mg.) 

61B 0 

10 

(gO 

50 

(mg.) 

10 

4 

(g-) 

50 

(mgO 

5 

Atrophic 

„ 1-25 

10 

47 

25 

— 

— 

— 


» 1-5 



— 

— 

5 

55 

•12 

Slight F.S. and 

.. 2-5 

10 

51 

58 

4 

50 

24 

some I.C.S. 

F.S. I.C.S. 

„ 50 

10 

53 

95 

10 

58 

47 

M.G.B. and C.L. 
in 1 ovary 

F.S. M.G.I-. and 

„ 100 

5 

49 

99 

6 

48 

34 

C.B. 

F.S. M.G.L. 

70B 1-0 




4 

45 

7 

Small solid 

C.L. with ova 
Slight F.S. and 

„ 1-25 

5 

52 

29 




I.C.S. in 1 pair of 
ovaries 

„ 1-75 



— 

— 

10 

50 

26 

F.S. and C.L. 

2-5 

10 

54 

56 

14 

54 

46 

M.G.L. and slight 
ICS 

F.S. with SI.G.L, 

„ 5-0 

5 

52 

97 

5 

56 

55 

and C.L. 

F.S. with M.G.L. 

„ 10-0 

10 

50 

86 

— 

— 

— 

and C.L. 

F.S. = follicle stimulation 

I.C.S. = interstitial cell stimulation 

C.L. = corpora lutea 

M.G.L. = lutcinization of mombrana granulosa in the absence of o\-ulation. 


wbich indicates that ovaries -weighing 250 mg. were produced in a 4-day 
period. Leathern [1939], too, has recorded ovarian weights of 180 mg. in 
hypophysectomized rats treated -with similar substances. ^Yllile we allow 
an interval of from 10 to 12 days to elapse between operation and assay 
the corresponding intervals allowed bj’ Leathern and Pencharz were 6 and 
8 days respectively. It is verj' doubtful whether the failure of the mare 
serum preparations used by us to increase the weight of the ovaries above 
40 mg. is caused by this longer interval. 

Fig. 2 shows that the response of intact rats to extracts from the 
pituitary glands of mares and stallions or of geldings, reaches a maximum 
at 100 mg. and that the corresponding response in In-pophysectomized 
rats is 50 mg. In intact rats the activity of the two extracts is very 
similar, hut in hypophysectomized rats, where the measure of activity is 
not complicated by the secretion of endogenous gonadotrophin, the gelding 
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pituitaiy extract is considerably more active in small amounts although 
the maximum response is the same in each case. 

In the intact rat, therefore, extracts of pregnant marcs’ serum produce 
a maximum response ■which is twice as great ns that caused b}’’ horse 
pituitary gland. On tlie otlier hand, the maximum response produced by 
pregnant mares’ serum in h 3 ^poi)h 3 'sectomized rats is slightly less than 
that which occurs in similar rats when treated with horse pituitary gland. 

Assa 3 's which have been carried out subsequcntl 3 ’’ indicate that the 
sensitivit 3 '^ of the test animal to the injection of the International Standard 
of mare serum gonadotrophin has altered. The original dose-response 
curve, shown in Fig. 1, was constructed during November 1939. Similar 
assa 3 ’’s carried out in July 1940 indicate that the sensitivity of the rat 
had increased to such an extent that the resj^onse giv^en by a series of 
different doses has in each case increased by about 25%. It is not possible 
at the present time to say vvdiether this change in sensitivity is seasonal 
or not, but it is proposed to continue the inv’^estigations into tliis problem. 

Differences in response to single injections 

In the paper by Cole & Hart [1930] in which they originally reported 
the occurrence of a gonadotrophic principle in the serum of pregnant 
mares they observ’’ed that the response caused by a single injection of the 
serum was similar to that resulting from a number of divided doses. The 
response, therefore, is, within limits, independent of the degree of sub- 
division of the total dosage. This result was subsequently confirmed by 
Cole, Guilbert & Goss [1932], Hamburger & Pedersen-Bjergaard [1938] 
and Deanesly [1939]. 

The quantitative response of the ovaries of intact rats to MSI [see 
Deanesly, 1939] was the same when given in one single injection as it 
was .when the total dosage was divided and given in five equal daily 
injections, the animals in each group being killed on the 6th day. The 
response to a similar dose in one injection at the end of the three days is, 
however, as shown in Table III, considerably less, which indicates that 
the animal utilizes and responds to the injected substance until at least 
the fifth day. Another experiment, using PMS26 and hypophysectomized 
rats, gave a similar result. 

In contrast, Deanesly [1939] has shown that with injection into intact 
rats, 2-5 mg. of the extract of horse pituitary gland, AP61B, an amount 
which b 3 '^ the usual method of assay produces ovaries weighing 55 mg., 
is almost ineffective vvdien it is all injected in one dose, the animals bemg 
killed for examination five da 3 ’^s later. 

The difference in the duration of action between extracts from these 
two sources is probably caused by the greater size of molecule to which 
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the hormone in the serum is attached. Evidence favouring this is: (a) that 
the hormone in the serum is neither dialysable nor idtrafiltrable [Goss & 
Cole, 1931], and (6) that it is not excreted by the kidneys into the urine 
of the mare. In this respect the gonadotrophin in pregnant mares’ serum 
differs from that -which occurs in the serum of the pregnant -woman, 
which is not retained by the human kidney. This difference is demon- 
strated by the results given in Table III, which show that the response in 
the rat ovary to the hormone in human pregnancy serum is dependent 
on the degree of subdivision of the dose. 

Table III. Duration of action of extracts of the serum of 'pregnant women 
and mares, and of extracts of horse pituitary glands 

Method of administration 

■ , 

Time of 



No. 

Amount in mg. 

No. of 

killing 


Weight 

Weight 


of 



days 

after 1st 

Bodj'- 

of 

of 

Extract 

rats 

Daily 

Total 

injected 

injection 

weight 

ovaries 

uterus 






(days) 

(gO 

(mgO 

(mg.) 

MSI 

10 

1-0 

5-0 

5 

5 

47 

47 

99 


10 

5-0 

5-0 

X 

3 

53 

30 

74 

♦ » 

10 

5-0 

5-0 

1 

5 

48 

48 

81 

t) 

5 

1-5 

7-5 

5 

5 

56 

62 

90 

It 

5 

7-5 

7-5 

1 

5 

59 

77 

86 

AP61B 

5 

0-5 

2-5 

6 

5 

55 

55 

100 

II 

6 

2-5 

2-5 

1 

5 

53 

13 

64 

PMS26 

10 

0-1 ml. 

0-5 

5 

5 

50 

203 

80 

II 

6* 

0-1 ml. 

0-5 

5 

5 

53 

45 

83 

II 

7* 

0-5 ml. 

0-5 

1 

5 

56 

54 

123 

PWS77t 

10 

0-1 

0-5 

5 

5 

58 

31 

77 

II 

10 

0-5 

0-5 

1 

5 

50 

18 

50 


* = Hypophysoctomized rats. 

t PWS77 = an extract prepared from the serum of pregnant women. 


Qualitative differences in responses of ovaries of hypophysectomized rats to 
extracts of pregnant mares’ scrum and of horse pituitary glands 

In the prcNuous section it has been shown that the response of the 
ovaries of intact rats to extracts possessing gonadotrophic actmty is 
different from that in hj-pophysectomized rats, probahlj- owing to the 
intervention of endogenous gonadotrophic substances present in the test 
animal. It is essential, therefore, that the histological nature of the direct 
response of the ovaries to the extracts themselves should bo deter- 
mined by tests on hypophysectomized animals. We have examined, bv 
these means, the effect of several extracts prepared from pregnant 
marcs’ .■^crum, including MSI, MS4, 3ISG, MS2-f7 and the International 
Standard, and also two samples of serum which were not treated except 
for drying in high vacuo at low temperature (Greaves & Adair, 1938]. 
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Their action is compared with that of tlic extracts of horse pituitary- 
gland (APGlB) and of gelding pituitary gland (AP70B). 

Histological resjwnse of the ovary of the liypophjscclomizcd rat 

Small doses of pregnant marcs’ scrum which increase the weight of the 
ovaries to about 20 mg. cause little, if any, follicle stimulation. The 
primary, direct effect of pregnant marcs’ serum is, as has been pointed 
out bj’^ Leathern [1939], to increase the interstitial tissue and to cause 
luteinization of the theca and membrana granulosa of atrophic follicles. 
The action of small doses of this substance is, therefore, similar to that 
obtained with chorionic gonadotrophin (human urine of pregnancy). 
Larger doses of pregnant marcs’ serum, however, cause follicle stimulation 
(see Table I). Over-stimulation gives rise to C 3 ’^stic follicles and, less 
frequentl}'^, to follicles whose membrana granulosa becomes luteinized in 
the absence of ovulation. 

The histological response of the ovaries of h 3 ’-poph 3 ^sectomized rats 
treated with the preparations of pregnant mares’ serum offered as contri- 
butions to the International Standard is so strildngl 3 ’- similar that it can 
be said that the constituents of the standard preparation are qualitativel 3 ’^ 
constant. As with other preparations of pregnant mares’ serum Avhen 
injected in adequate doses, all the contributions in question eause follicular 
development in the ovaries of hypophysectomized rats but little luteini- 
zation of the membrana granulosa. As will be shown later, a mixture of 
these extracts (the International Standard itself) is unable to cause ovu- 
lation in h 3 q)ophysectomized rats. 

The qualitative response of the ovaries of h 3 'pophysectomized rats to 
extracts of horse and gelding pituitary glands is shown in Table II, which 
indicates that small amounts of these substances, in comparison with 
extracts of pregnant mares’ serum, produce more follicular and less inter- 
stitial stimulation. Ovaries stimulated with horse pituitary gland to a 
weight of about 25 mg. contain numerous mature follicles which may 
{a) become cystic with degeneration of the membrana granulosa, (6) 
luteinize in the absence of ovulation, and (c) ovufate and form normal 
corpora lutea. The occurrence of ovulation is dealt with later. Larger 
amounts of these extracts cause the development of follicles which 
luteinize precociously and form masses of luteinized tissue resembling 
small corpora lutea. These structures resemble those produced in the 
ovary of the h 3 >pophysectomized rat treated with either pig or sheep 
pituitary extract [Noble et al., 1939]. The presence of these small ‘corpora 
lutea’ probably accounts for the decreased quantitative response (see 
Fig. 2 and Table II) and suggests that the extra luteinizing hormone 
present in large doses tends to inhibit normal follicular development. 



SERUM AND PITUITARY GONADOTROPHIU 


389 


Occurrence of ovulation 

The occurrence of ovulation was determined by examination of the 
EaUopian tubes, in serial section, for the presence of ova. The results are 
given in Table TV. The extract of horse pituitary gland, AP61B, causes 
ovulation in both intact and h 3 TJophysectomized rats, although larger 
amounts are required in the latter test animal. The data, though not very 
extensive, indicate that an optimal dose is necessary to produce ovulation, 
a result which is in keeping with the histological findings described and 
with Cole’s [1936] observations on intact rats treated with mare serum 
gonadotrophin. Cole also observed that a larger number of follicles ovu- 
lated when the period between injection and autopsy was increased. 


Table IV. Comparison of the ovulation-producing capacity of extracts 
prepared from horse pituitary glands and pregnant mares' serum 


Gonadotrophic substance Test rats 


t — “■ 

Source 

No. 

A- 

Amount 
injected Type 

No. 

Weight 

of 

ovaries 

No. of 
rats 

ovulated 

Total no. 
of ova 
in tubes 

Per- 

centage 

o\'u]ated 

Horse \ 

AP61B 

(rag.) 

2-5 

I* 

8 

(rag.) 

56 

8 

66 

100 

pituitary j 

>* 

5-0 

Ht 

10 

47 

5 

30 

50 

gland 1 

tl 

10-0 

H 

5 

33 

0 

0 

0 

Golding \ 

AP70B 

2-5 

I 

9 

69 

4 

16 

45 

pituitary j 

t» 

2-5 

H 

4 

34 

1 

2 

25 

gland J 
> 

JIaro A 3 

0-2S ml. H 

5 

39 

0 

0 

0 

Pregnant 

JIare A 4 

0-5 ml. 

H 

4 

47 

1 

5 

25 

Inter- 

5-0 

I 

10 

39 

2 

6 

20 

mores’ 

national 

100 

I 

10 

92 

2 

8 

20 

serum 

Standard 

100 

H 

4 

26 

0 

0 

0 

4 

Preparation 

17-5 

H 

S 

41 

0 

0 

0 


• I = Intact immature rat. 
t H = Hypophysectomized immature rat. 


Extracts of pregnant mares’ serum, on the other hand, with one excep- 
tion, failed to cause ovulation in the hjq)ophyEectomized rat although 
these same extracts were effective in intact rats. This result also agrees 
with the histological findings observed in the ovaries of the hypophys- 
ectomized rats where the absence of corpora lutea almost certainlv 
precludes the possibility of the ova having passed into the uterus during 
the 5-day test period. Confirmation of this was obtained from two assays 
in which the duration of the test was reduced to 2 and 3 days respectively. 
In rats treated with mare serum extracts, therefore, the pituitary- gland is 
essential for the occurrence of ovulation. The data indicate also that 
ovulation is achieved less readily, even in intact rats, with extracts of 
pregnant marcs’ serum than yvith those of horse pituitary- glands. 
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Comparative activity of extracts of pregnant marcs' serwn aiid of horse 
pituitary glands in immature rats and in ocstrous rabbits 

As tho response of the ovaries of tiie iinnmture rat depends on both 
follicle-stimulating and luteinizing hormones, which arc present in preg- 
nant mares’ scrum and horse pituitary gland in different proportions, it 
is not possible by use of this response to standardize either of these 
extracts in terms of the other and, in particular, extracts of horse pituitary 
gland cannot be assayed in terms of the International Standard for mare 
serum gonadotrophin. However, to make a rough quantitative comparison 
between the extracts Ave have calculated the amount of each substance 
required to produce (a) an ovarian Avcight of 30 mg. in intact rats, and 
(b) ovulation in 50% of a group of oestrous rabbits. The results are given 
in Table V. 


Table V. Compiarative activity of pregnant mares' seru7n and horse pituitary 
glands in intact rats and in oestrous rabbits 




Amount required to produce 

Amount required to cause 
ovulation in 50% of a group 

Source of 

No. of 

ovaries weighing 30 mg. in 

extract 

extract 

intact immature rat 

of rabbits 



(me-) 

(mg.) 

Horso A 




pituitary | 
gland / 

Golding A 

APGIB 

1-4 

0-25 

pituitary ) 
gland ) 

AP70B 

1-25 

0-35 


International 

Standard 

4-5 

5-5 

' 

MSI 

30 

2-4 


MS4 

015 

0-lS 

Pregnant 

MS6 

1-0 

1-2 

mares’ 

■ MS7-f2 

40 

5-3 

serum 

PIAISS 

1-5 

0-6 


PMS12 

20 

2-1 


PMSlS 

30 

2-4 


PMS16 

0-5 

0-5 

. 

PMSlS 

0-45 

0-2 

Judged by the above criteria, it is seen that the relatiA’^e gonadotrophic 


activities of the various specimens of pregnant mares’ serum in the intact 
rat are closely paralleled (Avith tAvo exceptions — ^PMSS and PMSlS) by 
their relative activities in the oestrous rabbit. One of the tAvo exceptions 
(PMS3), a sample of ‘Antex’ (Lovens Kemiske Fabrik, Copenhagen), AA'as 
stated by the manufacturers to contain unusuallj'^ large amounts of 
luteinizing hormone. If, as it seems probable, this hormone is responsible 
for the production of ovulation, then this statement by the manufacturers 
is fully confirmed. Further evidence for the part played by the luteinizing 
hormone in causing ovulation is given by the data for the extracts of horse 
pituitar}’- glands. Whereas the glandular extracts are only about three 
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times as active as tlie International Standard for mare serum gonadotro- 
phin in stimulating ovarian growth in the intact rat, they are approxi- 
mately twenty times as active in producing ovulation in the oestrous 
rabbit. 

Discussion 

The observations recorded above, combined with those of Noble et al. 
[1939], Boycott & Rowlands [1938], Emmens [1940], Rowlands & Sharpey- 
Schafer [1940] and Williams [1940] enable us to give some account of the 
mechanism of action of gonadotrophic substances on the ovary. Observa- 
tions have been made on both the maximum quantitative response and 
the qualitative nature of the response of the ovaries of intact and hypo- 
physectomized rats. To account for the multiphcity of the tjqjes of both 
quantitative and qualitative response obtainable with gonadotrophic 
extracts from various sources we find it necessary to assume the existence 
of two active principles ; {a) the follicle-stimulating hormone and (6) the 
luteinizing hormone which are present in different proportions in the 
extracts. 

Table VI gives the approximate maximum weight of the ovaries of 
intact and hypophysectomized rats obtainable with gonadotrophic ex- 
tracts prepared from various sources. 

Table VI. Maxiimim ovarian weights of intact and hypophysectomized rats 
treated with gonadotrophins from various sources 
Maximum ovarian weight in mg. 


Extract 

Intact rat 

Hj-pophysoctomized rat 

Pregnant marcs’ scrum 

200-220 

40-50 

Horse pituitary gland 

100 

00 

Human pituitary gland 

100 

70-80 

Pregnant women’s scrum 

60 

10 

Pregnant women’s urino 

40 

10 

1^^^) pituitary gland 

30 

25 

Ox pituitary gland 

15 

10 


The maximum ovarian weight produced by each of the above extracts 
is less in the hj'pophysectoraized rat than in the intact rat. Tlie greater 
response in the intact rat was attributed previously to the co-operative 
action of endogenous gonadotrophin secreted bj- the test animal’s own 
pituitary gland and that only when this latter stimulation is removed, 
such as after hypophysectomy, is the true gonadotrophic activitv of the 
extract itself revealed. Recently, however, one of us [Williams, 1940] 
working independently, has shown that the response (increase in weight) 
of the ovaries of hypophysectomized rats to the injection of gonadotrophin 
from pregnant mares’ serum is greatly incrca.'^cd by previous treatment 

D d 
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of the animal with oestrogen. TJiis increase is caused by the luteinization 
of all the follicles which were by tlicse means converted into corpora lutca 
in the absence of ovulation. The oestrogen used (dicthylstilbocstrol) pre- 
vented the atrophic changes and decrease in weight of the ovary which 
normally occurs after hypophj'sectomy. No other effect of the oestrogen 
on the ovary was observed. Luteinization was absent [Williams, 1941]. 

Although one cannot exclude entirely the influence of endogenous 
gonadotrophin on the response of the ovary of the intact rat to injections 
of various gonadotrophic extracts (there is evidence that ocstrogens by 
stimulating the pituitary gland produce luteinization of the ovarian fol- 
licles) it seems more probable that the greater effectiveness of the extracts 
in the intact animal is caused by the condition of the ovaries at the be- 
ginning of the test period. 

The maximum response of the ovaries of intact rats to extracts of horse 
pituitary gland is only about one half that produced by mare serum 
gonadotrophin, 3'et in hj'^poiflij'sectomized rats it is more than equal. It 
seems likely that thjs paradoxical result is caused by a higher ratio of 
luteinizing to follicle-stimulating hormone in horse pituitar}^ gland. When 
this proportion is increased further, such as in sheep, pig and ox pituitary 
gland the maximum ovarian weight obtainable becomes greatly reduced. 
There is, however, no evidence that follicle-stimulating hormone is 
directly inhibited by luteinizing hormone. More probably, the effect is 
due to the more rapid action of the luteinizing hormone on the cells of the 
membrana granulosa, so that the follicle at an early stage in its develop- 
ment becomes luteinized and, subsequently, is unable to grow normally. 
Since ovulation does not occur under these conditions the corpora lutea 
of ovulation, which are responsible for much of the weight of the stimu- 
lated ovary, are absent in ovaries of rats stimulated with pituitary 
extracts containing an excess of luteinizing hormone. 

The role of the luteinizing hormone in the determination of the maxi- 
mum response of the ovaries of intact rats has recently been shown by 
Deanesly [1939]. Simultaneous injection of an extract containing luteiniz- 
ing hormone only (chorionic gonadotrophin) decreases the response 
obtainable with extracts possessing a high proportion of follicle-stimu- 
lating hormone (mare serum gonadotrophin). On the other hand, an 
increase in the response might be expected if these two preparations were 
injected consecutively into the hypophysectomized rat. From experi- 
ments now in progress, this seems to be true. 

It is very probable that a proper balance of the two hormones, secreted 
in correct sequence, is necessary for the induction of normal ovarian 
activity. The only extracts j'^et encountered that will effect a true re- 
placement of ovarian function in the hypophysectomized rat are those 
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prepared from the anterior pituitary gland of the horse. Recent experi- 
ments on anoestrous ferrets promise a similar result. 

Sir&nrAKY 

1. The gonadotrophic properties of extracts of pregnant mares’ serum 
and of horse pituitary gland have been compared by a study of then 
action in h 3 rpophysectomized and intact rats and in oestrous rabbits. 

2. Extracts from pregnant mares’ serum are equally effective when 
administered in one single dose or in five divided doses ; those firom horse 
pituitary gland are ineffective when given in one injection. 

3. Other differences were observed which might be attributed to varia- 
tions in the relative amounts of the two hormones (follicle-stimulating 
hormone and luteinizing hormone). 

(o) The maximum ovarian weight produced in the intact rat by extracts 
of pregnant mares’ serum was twice as great as that found with 
extract of horse pituitary gland. In hypophysectomized rats, how- 
ever, the response to the pituitary extracts was slightly greater than 
that to the serum preparations. 

(6) Horse pituitary extracts caused follicle stimulation followed by 
luteinization ; mare serum extracts caused predominantly follicle 
stimulation with only very slight luteinization of the granulosa cells 
of the follicles. 

(c) Horse pituitary extracts caused ovulation in intact and hypophys- 
ectomized rats; mare serum preparations caused ovulation much 
less frequently in intact rats, and in only one instance in hypophys- 
ectomized rats. 

(d) Horse pituitary extracts caused ovulation in oestrous rabbits more 
readily than did extracts of pregnant mares’ serum. 

4. We conclude that the proportion of luteinizing hormone in pregnant 
mares’ serum is considerably less than in horse pituitarj' gland in which 
the mixture of the two hormones is considered to be optimal for ovarian 
grovdli in the hjqjophysectomized rat. 

We are very grateful to the Council of the Jliddlesex Hospital I^Iedical 
School who provided one of us (P.C.W.) with financial support and 
laboratory facilities during the course of these experiments. 
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THE ANTAGONISTIC EFFECT OF POWDERED 
AND ALCOHOLIC EXTRACTS OF PLACENTA 
ON THYROXINE IN AXOLOTLS 

By WALTER BRANDT and GARFIELD THOilAS 

From the Department of Anatomy, University of Birmingham and the Depart- 
ment of Biochemistry, Queen Elizabeth Hospital, Birmingham 

{Received 25 November 19i0) 

It was suggested by Brandt in 1936 that the placenta exerts an inhibitory 
effect on thyroxine circulating in the maternal and foetal blood. Experi- 
ments are now reported confirming this suggestion. 

In feeding experiments uith amphibia it has been found pBrandt, 1935] 
that thyroxine inhibits growth and increases the rate of metamorphosis, 
whilst placenta has a precisely opposite action, namely, that it increases 
growth but delays metamorphosis. 

Axolotls are so sensitive to thyroxine that even small doses of that sub- 
stance will induce in these animals changes (alteration of body proportions, 
shrinking of gills and loss of weight) which can be accurately determined 
and which may, therefore, be used as a measure of the effect of the thjToxine. 
For comparative experiments of this kind one of the authors [Brandt, 
1933] has already pointed out that it is necessary to use ‘animals of equiva- 
lent constitution’, i.e. of the same stock and of the same generation. The 
reactions of such siblings lend themselves to comparison extraordinarilj- 
well, and it is felt that data obtained from even a small number of animals 
of equivalent constitution kept under constant conditions of water, tem- 
perature, artificial aeration, illumination and diet are much more valuable 
than that from a large number of animals differing in stock, age, size and 
conditions of rearing. 

To demonstrate the presence in the placenta of a substance inhibiting 
the action of thyroxine a number of axolotls were fed on beef plus 
thyroxine, and to some of them was given, in addition, either placenta or 
placental extract. In those animals which received placenta or placental 
extract, in addition to thyroxine, metamorphosis was delayed or prevented 
and growth continued. 


Experimental Methods 

.•\xolotls of the same spawn, selected and maintained according to the 
criteria set out above, were used in our experiments. Each animal was kept 
in a glass tank containing •} litres of tap-water. To the water of each 
aquarium was added 1 ml. of a solution made by dis-olvinc 10 me. of 
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thyroxine in a mixture of 10 ml. of wnter and 0-4 ml, of 0*1 N caustic soda. 
With each feed each atumnl received aj^proximatcly the same amount of 
beef. In the course of 30 daj's the animals Averc fed 15 times. Animals 
C and D received only the basic ration of beef, ATu'mal B Avas gi\Tn, in 
addition, 40 mg. of poA\-dcrcd dried j)laccnta Avhich had been prepared by 
the method of Brandt (British Patent No. 490043, 25th Nov. 1937). 
Animals A & E had their basic ration plus 40 mg. of the alcohol soluble 
fraction of placenta. To jArcjAarc this fraction, some of the poAvdered dried 
placenta AA'as extracted AA’ith ethyl alcohol at room temperature — the 
extraction being continued AA'ith fref|uent agitation for a AA'cek. The mix- 
ture AA-as filtered and the filtrate A\'as evaporated under reduced pressure 
at a tenii)craturc not exceeding 40° C. and residted in a gummy residue. 

The folloAAung measurements of the axolotls Avero made : — total length, 
length and Avidth of head, length and Avidth of trunk, distance betAA-een fore 
and hind limbs on the same side, length of tail, height of tail crest, length 
of right forearm, Avidth of right forearm, length of middle right gill, body 
AA'eight — as already described [Brandt, 1930], 

The animals AA'ero measured at the beginning of the experiments and 
again AAdien one animal shoAved the first signs of metamorphosis. These 
data are set out in the Table. 

Experimental Results 

Table I indicates the results of the measurements at the beginning of the 
experiment and after three Aveeks. 

The Aveight of animal A increased from 37 to 40 grammes, that of animal 
E from 45 to 50 grammes and that of animal B from 39-5 to 41 grammes. 
The Aveight of the animals C and D decreased from 49 to 37 grammes and 
37 to 23 grammes, respectively. Animals A and E shoAved increases in 
length of body, length of trunk, Avidth of trunk, distance apart of the limbs, 
length of the tail and length of limbs. A comparison of the length of the 
gills and the height of the crest sIioaa'^s that in B the gills preserved their 
original length and that the height of the crest decreased by only 0-5 mm. 
In animals A and E the reduction of the length of the gills Avas O-l and 
O’O mm. respectively, and that of the crest 1*0 and 0*9 mm. respectively. 
On the other hand, in animal E the gills had disappeared completely at the 
21st day, Avhilst in animal C the gills Avere reduced to small remnants at 
their bases at the 34th day after the start of the experiments. 

Conclusions 

The experiments clearlj'' indicate that the placenta contains some sub- 
stance Avhich inhibits the effect of thyroxine on axolotls, and, further, that 
this fraction can be extracted Avith alcohol and yet remain active. 
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THE ASSAY OF OESTRONE IN THE 
GUINEA-PIG 

By G. H. bell Axra J. A. C. KNOX 
From the Institute of Physiology, University of Glasgow 
{Received 9 December 1940) 

It is now fully appreciated that very great species differences exist in the 
realm of reproductive physiology. Hain & Robson [1936], for instance, 
have shown that there is a greater difference between the rat and the 
mouse units of oestrone, however administered, than can be accounted for 
on the simple basis of difference of weight. They investigated in great 
detail the effect of oestrone in oU given in four equal doses over thirty-six 
hours. The present communication describes the results of giving oestrone 
in this way to the guinea-pig. 

Method and Reshets 

Smooth haired guinea-pigs obtained from several dealers were used. 
They were ovariectomized at about 250 g. A stock of about twenty animals 
was maintained during the period of the experiment, about three years, by 
adding new animals as required to replace casualties. The animals gained 
in weight during the experiment. No injections were given until a month 
after the removal of the ovaries, or until a month had elapsed since a pre- 
vious course of injections. The oestrone (British Drug Houses, Ltd., M.P. 
not lower than 255° C.) was dissolved in alcohol and added to the necessary 
volume of sesame oil, the alcohol then being blown off ; it was injected sub- 
cutaneously in four equal doses on the mornings and evenings of two 
successive days. Vaginal smears were made by means of a loop from the 
fourth to the ninth day after the first injection ; they were taken at inter- 
vals of approximately four hours from 8 a.m. to 10 p.m. (since black-out 
conditions, the last smear has been made at 5 p.m.). The smears were 
fixed in a mixture of alcohol and ether and stained with methylene blue 
and eosin ; in this way the cornified cells are stained a clear pink whereas 
all the other cells are blue. In agreement with Hain & Robson a smear 
was considered positive or fully cornified when it contained more than 
95% of fully cornified pink staining cells. The presence of leucoc 3 'tes, 
but not of red cells, made a smear negative. Each point on the graph 
represents the percentage of a group of forty animals giving a positive 
reaction. 

At first a solution containing 0-05 ing. of oestrone per ml. of EO.«nmo oil 
was used ; the results are indicated In- the circles on the graph. It can be 
seen that on increasing the total dose from 0 0 to 1 mg. the number of 
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animnls showing full cornificniion did not increase. It was then supposed 
that the relativel}’’ largo volume of oil might bo o.xorcising some inhibitory 
or toxic effect. Accordingly a more concentrated solution containing 
0-25 mg. of ocstronc per ml. was tried ; the results in this case are indicated 
by crosses on the graph. This curve practically coincides with the first ; the 
differences arc much less than the standard error, which is about 11% 



Graph showing tho relat ion between tlio total doso of ocstrono in 
oil administered to spayed guinea-pigs and tho porcontago of animnls 
showing full vaginal comifiention. Each O or X represents a group 
of 40 animals. 

O O onch ml. of oil contained 0-05 mg. of oestrone. 

X X each ml. of oil contained 0-25 mg. of oestrone. 

for 40 observations at 50%. In spite of increasing the dosage up to 
2 mg. no further increase in the incidence of full cornification was 
obtained. The smallest dose producing a positive result in 50% of the 
animals was about 0-5 mg. in both series. The time of occurrence of 
full cornification was very variable (from the fifth to the ninth day), but 
the greatest number of fully cornified smears was obtained on the eighth 
day after injections began. Initial experiments, in which smearing com- 
menced as soon as the vagina opened, showed that fully cornified smears 
never occurred on the third day, and only very exceptionallj’' on the fourth 
day, after injections began. 


Discussion 

Because of the shape of the curve relating dosage to response, and 
because of the variability of the time of response, the guinea-pig cannot be 
considered a suitable animal for the assay of oestrone. Under exactly the 
same experimental conditions and using the same criteria, Hain & Robson 
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found that the dose producing comification in 50% of animals (unit) 
was 0-0033 mg. for the rat and 0-00009 mg. for the mouse. The guinea- 
pig unit, 0-5 mg., is thus about 150 times the rat unit and about 
5,500 times the mouse imit. The guinea-pigs weighed from 400 to 600 g. 
and were thus ordy two or three times the weight of the rats used by Hain 
& Robson. The discrepancy between these species caimot, therefore, he 
explained simply on the basis of difference of body -weight. 

Dempsey, Hertz & Yormg [1936] showed that sexual receptivity could 
not be produced at aU regularly in the spayed guinea-pig -with oestrin only ; 
they say that their results are ‘difficult to reconcile with the view that 
oestrin alone is responsible for the production of heat’. Oestrus, defined 
as sexual receptivity, has been produced much more certainly by giving 
oestrin followed by progesterone. Unfortunately these workers give no 
record of the vaginal smear picture produced by this treatment — but it 
would almost certainly be dioestrous. Using somewhat larger doses than 
those used by Dempsey ef al.. Bell & Robson [1936] found that a pro- 
oestrous smear produced by oestrin alone was replaced by a dioestrous 
smear when progesterone was given in addition. But there is no doubt that 
there is a stage in the normal oestrous cycle of the guinea-pig when a large 
proportion of the cells in the vaginal smear are comified [Stockard & 
Papanicolaou, 1917 ; Bacsich & Wybum, 1940]. The last two workers in a 
personal communication give it as their opinion that the maximum pro- 
portion of cornified cells found during a normally occurring oestrus would 
be about 90% but that many animals would show a smaller number. 
Further, leucocytes may persist through all stages of the cycle, although 
this is not common [Young, 1937]. It would appear that our criteria 
of full comification — at least 95% cornified cells with no leucocytes 
— are artificial and exacting ; but the fact remains that it is possible with 
adequate dosage of oestrin to reach] this high standard in 100% of rats 
and mice. 

It is difficult to find any explanation for our failure to produce full 
vaginal comification in more than about 55% of guinea-pigs. The 
possibility that the oily^ vehicle was toxic seems to have been ruled out. 
The shape of the curve does not suggest that even higher dosage would 
have been effective ; the rat and the mouse cur\'es show no indication what- 
ever of a faUing off at 50%. It is unlikely- that the anterior pituitary- 
gland could play' any- part since its hormones do not appear to act directly 
on the vagina. It may- be that the spacing of the injections used by- us is 
not the optimum for the guinea-pig, but the exploration of this question 
would have taken us away- from the original purpose of this work, namclv, 
to make a direct comparison between the guinea-pig and the rat and 
mouse. If regeneration of ovarian material had occurred [see Parkes, 
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Fielding & Brnmbcll, 1027] tlii.s iniglil Recount, for the falling off after 
50%, cspeciallj' a.s the higher do.ses were given at. the end of the experi- 
ment. It was our j)racticc to remov'c with the ovar^’^ the whole of the 
uterine tube and a port ion of the uterine horn ; regeneration in these cir- 
cumstances is unlikely. Further, animals which did not react to the 
highest dosage of ocstrone were examined histologically for evidence of 
ovarian rcgenei'ation with negative results. 

SuMM.\ny 

Spayed guinea-pigs were injected Avith oestrone in sesame oil (four in- 
jections in thirty-six hours). 0-5 mg. oestrone produeed full vaginal corni- 
fication in 50% of the animals; this is many times the dosage required in 
rats and mice, when allowance is made for differences in body-weight. 
Increasing the total dose of ocstrone to 2-0 mg. produced ver}" little in- 
crease in the number showing full cornification, but no explanation of this 
result can be offered. 

We Avish to thank Dr. A. I\IcL. Watson for adAuce on histological matters. 
The expenses Avere defraj^ed bj' grants from the I^Iedical Research Council 
and the Rankin Medical Research Fund of the UniA'ersity of GlasgOAV. 
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PRECIPITINS IN THE SERUM OF RABBITS 
IMMUNIZED AGAINST PURIFIED SERUM 
GONADOTROPHIN 


By M. YA2? DEN ENDE 

From the National Institute for Medical Research, London, iV.Tr. 3 
{Received 28 January 1941) 

Hormones of known chemical structure have been artificially linked to 
proteins to form antigens iu which the hormone acts as specific haptene. 
Immvmization with such an artificial hormone antigen will result in the 
production of antibodies capable not only of forming a precipitate with 
the complete antigen or with the hormone haptene in vitro but also of 
inhibiting the characteristic physiological action of the whole antigen or 
the haptene when this is administered parenterally to test animals 
[Glutton, Harington & YuiU, 1938], 

In spite of numerous attempts, however, it has hitherto not been possible 
to establish the antibody nature of the antihormones evoked by the 
prolonged administration of natural hormone extracts. The majority of 
investigators have used crude extracts of the anterior lobe of the hypo- 
phj'sis as immunizing antigens. The use of such crude extracts has 
invariably jdelded sera which, in addition to antihormones, contain anti- 
bodies specific for antigens characteristic of the species rather than the 
hormone. Frequently reliance has been placed on absorption of species- 
specific antibodies bj’’ contact with the serum of the animal from which 
the immunizing extract was obtained. Such absorption, however, does not 
necessarily remove all species-specific antibody, and it is possible, on the 
other hand, that protein which is a constituent of normal serum may be 
acting as a carrier of the hormone in an antigenic complex. 

In order to avoid as far as possible the difficulties of interpretation 
which may arise from the presence of multiple antibodies evoked by such 
complex extracts, it is necessarj’ to use for immunization onl 3 ' the most 
highlj’ purified extracts available. Of these purified extracts the most 
rcadilj’ available arc gonadotrophins from the urine of pregnant women 
or from the scrum of pregnant marcs. 

The prccipitins in antisera prepared by the immunization of rabbits 
against liighl^’ purified urinain- gonadotrophins have already- been studied 
[van den Endc, 1939a, ?(]. The conclusion was reached that the hormone 
preparation used, in spite of its liigh degree of concentration ns indicated 
by its activitj- per unit weight, was still nntigcnically complex, and there- 
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fore not suitable for quantitative immunological investigations. It vns 
decided, therefore, to undertake a similar investigation with an extract of 
the scrum of pregnant marcs. The extract chosen for the production 
of antisera was so highly purified as to contain approximatcl}’^ 1200 1.U. of 
gonadotrophin per mg. and was free of chcmicall}’’ demonstrable protein. 

Sulman [1930] has shown that the serum of rabbits, immunized by daily 
subcutaneous injection of purified .serum gonadotrophin for a period 
longer than 3 months, was actively antigonadotrophic and contained 
complement-fixing antibodies. These antibodies he showed to be of two 
types, of which one was species-specific, reacting with horse scrum but not 
with proteins of animal species other than the horse, while the other was 
specific for gonadotrophic hormone, irrespective of its species of origin. 
The latter antibodj', however, difi'ered from the former in its extremel}' 
raiiid deterioration on storage, and its irregular presence in the serum of 
immunized animals. 

Preeijntins in the scrum of monkeys immunized against purified serum 
gonadotrojihin have been demonstrated b}' Gustus, IMc^’cr & Dingle [1935], 
but the precipitating action of the sera was weak, and the appearance of 
precipitins did not coincide with the ap 2 )earance of antigonadotroidiic 
activit 3 ^ Me 3 'er & Wolfe [1939], on the other hand, found that immuniza- 
tion of monkeys with purified gonadotrophin did not result in the produc- 
tion of precipitins, whereas whole serum from pregnant mares evoked 
precipitins as well as antihormones. In the latter case, however, the 
increase and decrease of precqjitins and antiliormones Mdth repeated 
injection of serum from pregnant mares coincided. 

The experiments here described ■were undertaken to determine whether 
the antibodies evoked by serum gonadotrophin, and demonstrable bj’^ the 
precipitin reaction or bj'^ the anapli 3 dactic reaction m vitro, are related 
to the so-called antihormones. In view of the nximerous recent observa- 
tions suggesting that mare serum gonadotrophin is, or is associated with, 
a glycoprotein [Goss & Cole, 1940; Li, Evans & Wonder, 1940], its 
immunological relationship to serogtycoid [Hewitt], a glyco-protein of 
normal horse serum, was also studied. Interest attaches also to an 
investigation of the specificity of the demonstrable antibodies, in the light 
of the demonstration by Rowlands [1938] that the antihormone evoked 
by highly purified mare serum gonadotrophin inhibits the ph 3 '^siological 
action of this extract, while other gonadotrophins, including that present 
in extracts of horse pituitaries, are unaffected. 

T,- I • 7 s: , , Methods 

Biological assay of extracts 

These were kindly performed by Dr. I. W. Rowlands. The biological 
activity of the extracts used in this investigation was determined b 3 ’’ their 
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ability to stimulate tbe ovaries of the immature rat. Groups of 5 or 10 rats 
■weighing 40-50 g. -were injected subcutaneously once daily for 5 days -with 
the extract dissolved in a standard volume of 1-0 ml. of distilled -water. 
The rats were killed 24 hours after the last injection, the ovaries and uteri 
dissected, and, after fixation in Bonin’s fluid overnight, weighed from 
70% alcohol. 



Fio. 1. Cun,'e showing the average weights of ovaries in groups of 5-10 rats 
given varying amounts of PMS 18 (Pregnant marcs’ serum gonadotrophin). 


A dose-response curve (Fig. 1) was constructed for the e.vtract (P^IS 18) 
which was used in the biological tests for the antigonadotrophic power of 
the antisera. From this curve the comparative activity of all other extracts 
was determined in terms of international units. 

Biological activity of antisera 

The activity of each serum sample was determined by its ability to 
inhibit the action on the ovaries of the immature rat, of a standard amount 
(0-375 mg.) of the extract PJIS 18. E.xtract and antiserum were injected 
simultaneously on opposite sides of the animals once dailj’ for 5 daj’s, 
subsequent treatment being the same as that described for the assay of the 
extract. A group of 5 or 10 rats was used for each antiserum. 

The degree of inhibition which is observed can be calculated by deter- 
mining from the eurve (Fig. 1) the amount of the extract corresponding to 
the response obtained. Subtraction of the amount so calculated from the 
quantitj' of tlic extract injected gives the amount of hormone inhibited by 
a known amount of antiserum. All the results are expressed as the amount 
of extract (PMS 18) inhibited by 1-0 ml. of the antiserum under test. 

Preparation of i7}hibitory sera 

Each of 8 rabbits was given daily subcutaneous injections of 0-1 mg. of 
a iiighly purified gonadotrophic extract from the serum of pregnant mares 
(PMS 22). Tliis extract was selected because of its high degree of puritv. 
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as judged by its activity ])cr unit wciglit, and because of its almost com- 
plete freedom from scrum proteins. The animals were bled after .3i months 
of such immunization, and thereafter at monthly intervals. Injections of 
hormones were suspended for 2 or 3 da3's preceding each bleeding. 

After separation, anj’^ of the sera that •were cloud}’’ from precipitation of 
lipoids were cleared by passage through a porcelain filter. Each serum 
sample was tested by the ‘ring test’ method for the presence of precipitins 
for PMS 18. Erom the sera obtained from all the rabbits at any one date 
of bleeding, a pool was made to wliich each scrum contributed an equal 
volume. In this way 10 representative ])ools of scrum were obtained 
corresponding to the 10 dates of bleeding (A to J). All antisera were 
stored in the frozen state. 

Precipifm reactions 

As a qualitative test for the presence of precipitins, ring tests were done ; 
increasing dilutions of antigen in 0*1 ml. volume were layered over an 
equal volume of undiluted antiserum and the tubes e.vamined at 1, 1 and 
2 hour intervals for the presence of rings. 

For the quantitative estimate of precipitins the optimal proportions 
method of Dean & Webb [1926] was emi)loyed. TJie delicacy of the 
precipitates and slowness of the reaction made it necessary to use a 
relatively high concentration of antiserum in the tests (1 : 2-5). Rough 
and fine tests were jJerformed according to the method described by 
Taylor, Adair & Adair [1932] for the estimation of jjroteinsby theiirecipitin 
reaction. The amount of antigen at optimal proportions with 1-0 ml. of 
each antiserum was calculated from the results of the fine tests. 

All the antigens used were tested also with normal rabbit serum. No 
significant non-specific precipitation was found to occur. 

Results 

Precipitin reactions 

In a previous paper the results of an investigation on the precipitins in 
antisera prepared against urinary gonadotrophins were described [van den 
Ende, 1939a]. Multiple zones in the optimal proportions test and the 
presence of free antigens, even in the zone of gross antibody excess, led to 
the conclusion that the purest preparations of the urinary gonadotrophins 
were still antigenically complex. The present investigation has shown that 
the more highly purified gonadotrophic extracts from the serum of preg- 
nant mares are less complex, and give a single zone of precipitation in 
tests with homologous antiserum. The presence of free antigen and anti- 
body could moreover be shown only in the tubes immediately adjacent 
to that in Avhich the two reagents are present in optimal precipitating 
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proportions. The extract, therefore, consists predominantly of a single 
precipitating antigen. Even the most highlj’- pmified preparation available 
(PIVIS 22) contains, however, traces of at least one other antigen. This is 
shown by the results of absorption experiments, in which contact with 
normal horse serum was found to remove precipitms for this antigen 
completely, while removing only part of the precipitins for the homologous 
gonadotrophin. 



PERIOD OF IMMUHIZATIOH IH MONTHS 

Fio. 2. O 0 shows the amount in milligrams of PMS 18 at optimal proportions in 

tho precipitation reaction with 1-0 ml. of antiserum; X X the amount of PMS 18 

inhibited by 1-0 ml. in the rat test. 

Comparison between precipitin content and anIiJiormone activity 
Because of the large amount of antigen required for these tests it was 
necessary- to use ns test antigen a purified gonadotrophic extract of 
pregnant mare serum (Pi\IS 18), other than that used for the immunization 
of rabbits — PMS 22, of which only a small amount was available. 

The results are expressed graphically in Fig. 2. The figure shows that 
no correlation exists between the precipitin content of the sera and their 
biological inhibitory power. Precipitins are seen to increase up to the .jth 
bleeding (E). after which they remained approximately constant for the 
remaining period of the experiment. Biological inhibitory power, on the 
otlier hand, increases more rapidly until at the Sth bleeding (10th month 
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of iniinunization), when the nmount of hormone inhibited in biological 
tests is almost six times as much ns the amount at optimal precipitating 
proportions with the same nmount of antiserum. Tlic biological inhibitorj’^ 
power was diminished in the nnti.sera obtained at the 0th and 10th 
bleedings (I and J). 

The power of the antisera to ])rccipitate gonadotrophic extracts from 
serum of pregnant marcs, whole horse scrum and extracts of normal 
horse scrum was also determined. The amounts of each of these antigens 
at optimal precipitating proportions with DO ml, of antisera C-J were 
determined by the Dean & Webb method. 

Table I 

Antifionim blooding 


Antigen 

C 

D 

E 

F 

G 

H 

I 

J 


PMS 18 

0-42 

0-5 

0-G 

0-55 

0-C5 

0-55 

0-55 

0-G 

mg. 


33-0 

40-0 

48-0 

44-0 

52-0 

44-0 

44-0 

48-0 

units 

PiMS 22 

not 

0-0G8 

0-075 

0-OG8 

O-OSG 

0-08 

0-075 

0-07 

mg. 


tested 

87-0 

OG-0 

87-0 

IlOO 

102-0 

9G-0 

90-0 

units 

NMS 

±3-5 

4-1 

5-0 

5-5 

G-3 

6-0 

5-0 

G-0 

mg. 


nil 

nil 

nil 

nil 

nil 

nil 

nil 

nil 

units 

SG 75 

1-6 

1-8 

2-0 

1-7 

2-2 

2-0 

1-7 

2-2 

mg. 


nil 

nil 

nil 

nil 

nil 

nil 

nil 

nil 

units 

Normal HS 

0-11 

0-lG 

0-14 

0-17 

0-19 

0-20 

0-19 

0-21 

ml. 


nil 

nil 

nil 

nil 

nil 

nil 

nil 

nil 

xmits 

Pregnant MS 

not 

not 

not 

0-10 

0-20 

0-20 

not 

0-20 

ml. 

tested 

tested 

tested 

2.'5-C 

32-0 

32-0 

tested 

32-0 

units 


Table I shows the content of antisera in precipitins for jjurified gonado- 
trophic extracts from serum of pregnant mares (PMS IS and PMS 22); 
an extract from the serum of a non-pregnant mare (NIMS) ; the fraction of 
normal horse serum precipitated between 66-6 and 75% saturation wtli 
ammonium sulphate, containing a liigh proportion of serogljmoid (SG 75); 
normal horse serum (Normal HS) ; and the serum from a pregnant mare 
(Pregnant MS). The results are expressed as the amount of each antigen 
at optimal precipitating proportions with 1-0 ml. of antiserum as well as 
the equivalent hormone activity of these values in international units. 
Particular interest attaches to the positive results in optimal proportions 
tests obtained with that fraction of normal horse serum precipitated by 
75% saturation with (NH 4 ) 2 S 04 containing a high proportion of a carbo- 
hydrate-rich protein, seroglycoid [see Hewitt, 1937 ; Rimington & van den 
Ende, 1940]. The main antigen components of horse serum, ciystalbumin 
and globulin, have been found to give no precipitates with the antisera in 
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optimal proportions tests. In ring tests, using undiluted antiserum, only- 
slight precipitation occurred -with globulin when present in concentrations 
of more than 1 mg. per ml. ; and no precipitation could be obtained -with 
albumin. 

The results show further that precipitins for all the antigens tested 
increase at the same steady rate during the first months of immunization, 
reaching a maximum at about the 6th month after which they remain 
more or less constant. There is, moreover, no relation between the amounts 
of the different antigens at optimal proportions with 1-0 ml. of any one 
antiserum and the hormone content of these antigens as determined by 
biological assays. It -will be seen, for example, that 1 ml. of the antiserum 
from bleeding H is at the optimal precipitating proportion -with 44 miits 
of PMS 18, 102 units of PMS 22 and 32 units of Pregnant MS. 

Rowlands [1938] has shown that antiserum prepared against gonado- 
trophin from the serum of pregnant mares was capable of inhibiting only 
the hormone from that source, but no other gonadotrophin whether from 
the pituitary gland or pregnancy trrine of the same species (horse) or a 
different species. It would be of interest to determine whether or not 
similar specificity was shown by the precipitins. 

Specificity of the precipitins 

Sulman [1939] from his investigations on complement-fixing antibodies 
in antigonadotrophic sera concludes that hormone-specific antibodies, as 
well as antibodies for species-antigens other than the hormone, were 
present in fresh antiserum. He claims, however, that the hormone-specific 
antibodies disappear rapidly on storage. In the present investigation 
precipitation (ring) tests were performed on several of the antiserum 
samples -within the first 3 days after bleeding, and again after several 
months of storage at —10° C. The results of tests -with gonadotrophic 
extracts from the pituitarj'^ glands of the horse, ox and man; purified 
extracts from the serum of pregnant mares PMS 18 and 22; an e.xtract 
from normal mares serum (NMS) prepared by a method identical to that 
used in the preparation of PMS 18 ; an extract from the urine of pregnant 
women, UP 27, as well as whole serum and individual serum proteins, 
arc recorded in Tabic II. They show no significant alteration of precipitin 
titrcs by such prolonged storage. The results show that precipitation 
occurs with horse, ns well as human pituitarj- and urinan,’ gonadotrophins. 
There is in addition, however, precipitation -nith serum antigens of these 
.species, and as the pituitary and urinary extracts cannot be regarded as 
free from serum proteins no significance attaches to these results. Gonado- 
trophic extracts of ox pituitarj- do not react with the antisera against 
pregnant mare serum gonadotrophins. 
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Antigen 

Prenb 

After 4 montlis* 
storage 

PMS 22 (5 ing./jnl.) 

l/.'}12r> 

I/.*? 125 

PMS 18 (10 mg./rnl.) 

iic>2r, 

1/025 

NWS (10 mg./inl.) 

1/125 

1/125 

Horse pitnitnrj' (10 jng./nil.) 

1/125 

1/125 

Horse sonim 

1/0250 

1 /.A 1,000 

Hninnn piltiifnry (10 ing./ml.) 

Zone 

Zone 

Human serum 

Zone 

1/2.5-1/025 

Zone 

UP 27 (10 mg./ml.) 

1 /.1 12.5-1/75,000 
1/125 

1/12.50-1/1.50,000 

1/125 

Ox pituitary (10 mg./ml.) 

nil 

nil 

Horse albumin (5 mg./ml.) 

nil 

nil 

Horse globulin (S mg./nil.) 

?l/5 

?l/5 

Horse seroglycoid (C mg./ml.) 

1/125 

1/025 


It appeared signifieant that well-marked precipitation occurred with 
the seroglj’^coid fraction of normal horse serum, whereas no precipitation 
occurred Avith the albumin AA'hich had been i)urified by repeated crystalliza- 
tion and Avhich contained no carboh 3 ’^drato ; and onlj"- sbght precipitation 
occurred Avith globulin. Like seroglj'coid the gonadotrophic preparations 
from pregnant mare serum are lughl}’’ soluble and rich in bound carbo- 
hj'drate. It became important, therefore, to determine AA'hether the 
gonadotrophin in serum e.xisted in the form of a complex in AA-hich sero- 
glycoid acted as the antigenic carrier, or Avhether serogl^’^coid occurred in 
purified gonadotrophic preparations simplj' ns an impurity, concentrated 
Avitli the hormone by the methods used for its purification. 

Absorption experiments 

To shoAV the effect of remoAdng antibodies, and especially of the 
precipitins for serogtycoid, several antisera Avere absorbed at optimal pro- 
portions Avith normal horse serum, serogtycoid, or both, for 2 hours at 
37° C. and 24-48 hours in the ice box. Such absorption results in no 
significant reduction of the biological inhibitor}'- poAver of the antisera, in 
spite of the fact that absorption by either horse serum or seroglycoid 
diminished the precipitating power of the antisera for serum gonado- 
trophin, and absorption with both horse serum and serogtycoid resulted in 
the complete removal of precipitins, even for the gonadotrophic extract 
against Avhich the antisera Avere prepared. 

It is apparent from these results that although seroglycoid AA'as present 
in the gonadotrophic extract used for the production of the antisera, and 
although precipitins for seroglycoid were consequently present, these 
precipitins Avere not responsible for the antigonadotrophic action of the 
antisera. It has been found, moreover, that antisera prepared bj’’ im- 
munizing rabbits against a fraction of normal horse serum, rich in sero- 
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glycoid, possessed no inhibitory action on serum gonadotrophin. It has 
further been foimd that antisera prepared against Tvhole normal horse 
serum, or against its albumin or its globulin fraction, did not inhibit the 
action of PMS 18 on the ovaries of immature rats. 

The, demonstration of antibodies in the antisera by anaphylaxis 

in vitro 

Attempts to use the uterine plain muscle from guinea-pigs actively 
sensitized with the pTirified gonadotrophins failed, because of the extreme 
degree of spontaneous activity shown by uteri of guinea-pigs treated with 
serum gonadotrophins. 

Virgin female guinea-pigs weighing 225-250 g. were, therefore, passively 
sensitized by the intraperitoneal injection of l-0-2'5 ml. of antiserum. 
Forty-eight hours after injection the guinea-pigs were stunned by a blow 
on the head and exsanguinated. The dissected uterine strips were 
suspended in Locke’s solution in a bath of 15 ml. volume, according to the 
method described by Dale [1913]. 

Results. The purified gonadotrophic extracts PMS 18 and PMS 22, in 
doses of 0-5-5-0 mg., regularly gave rise to typical maximal anaphylactic 
contraction of the sensitized uteri. Normal horse serum in a dose of 0-1 ml. 
also eUcited a typical contraction of the sensitized uterine muscle, but after 
desensitization to that dose it was still capable of maximal response to 
PMS 22, the antigen used for the preparation of the sensitizing antiserum. 
A uterus similarly desensitized to horse serum was, however, incapable of 
responding to PMS 18, given in amounts capable of eliciting maximal 
contraction of a uterus similarly sensitized and not previously treated with 
horse serum (see Fig. 3). If, however, desensitization to horse serum was 
rendered more complete by repeated contact with large doses, an appreci- 
able reduction of the sensitivity to PMS 22 is also produced. The result 
of a tj^iical experiment is shovm in Fig. 4. Fig. 4 shows further that this 
reduction of sensitivity to PMS 22 is no greater if, instead of normal horse 
serum, the serum of a pregnant mare (gonadotrophin content 160 1.U./ml.) 
is used for the dcsensitization. This result supports the evidence obtained 
with the precipitation reaction that the antibodies of the precipitin t\-pe 
present in the antigonadotrophic sera and acting here as specific sensitizer 
of the plain muscle arc directed against constituents of horse serum, other 
than the gonadotrophic hormone. 

The results of precipitation reactions have shown that even the most 
highly purified preparations of the serum gonadotrophin contain traces of 
ordinary scrum antigens as impurities. One of these probably makes up 
the bulk of the impurities, and has been identified as scroglycoid. It has 
been possible to confirm these findings by the anaphylactic reaction of 



412 


1\I. VAN DEN ENDE 



Fio. 3. Response of tho uterine liorns (1 mid 2) of two guincn-pigs 
(A and B) passively sensitized with antiserum to PIMS 22 (purified 
gonadotrophin from tho serum of pregnant mares). 0-1 HS: 0-1 
ml. normal horse serum ; 0-002 H : 0-002 mg. histamine. 



Fig. 4. Response of two uterine horns (1 and 2) of a guinea-pig passively 
sensitized with antiserum to PMS 22. 0-2 PMS 26: 0-2 ml. of whole serum 
from a pregnant mare (gonadotrophin content 160 I.U. per ml.). 
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plain muscle. Thus Fig. o shows the response obtained with a uterus 
passively sensitized with an antiserum against normal horse serum. 
Fig. 7 shows the resiilt of a typical erperiment in which the uterine 
muscle, passively sensitized with the ‘antigonadotrophic’ serum responds 
with a small, transient and gradual contraction to horse serum globulin, 
with no reaction to horse serum albumin, and, subsequently, with a 
typical, almost maximal response to normal horse serum. A fi'action of 
normal horse serum rich in seroglycoid, on the other hand, is capable of 
evoking a typical response even when applied in smaller test doses than 
globulin or albumin (see Fig. 8). Fig. 8 also shows, however, that practi- 
cally complete desensitization to this Seroglycoid does not desensitize the 
plain muscle to the homologous antigen (PMS 22), and, further, that 
similar desensitization to an extract prepared from the serum of a non- 
pregnant mare (NIVIS), according to the method employed in the manu- 
facture of PMS 18, fails likewise to desensitize to the homologous antigen. 
That the antigenic difference between NMS and PMS 22 cannot be 
dependent on the difference in hormone activity between these extracts is 
shown, however, in Fig. 6. This figure illustrates the results obtained with 
the uterine plain muscle of a guinea-pig passively sensitized to PMS 22, 
and shows that a single typical response of one uterine strip to 0-5 mg. 
PMS 22 results in desensitization to this extract as well as to PMS 18 
(which is prepared by a method identical with that used in the preparation 
of NkIS) in a dose of 10 mg. The second horn of the same uterus, after 
a single response to 5-0 mg. of PMS 18, is incapable of reacting to contact 
vith the same extract in an amount (30 mg.) which contains 2400 I.U. of 
gonadotrophin. It still gave a typical though incomplete anaphjdactic 
reaction, however, to l-O mg. PMS 22, which is equivalent to only 1200 I.U. 
of gonadotrophin. 

It seems probable that the difference between PMS 22, on the one hand, 
and KMS and PMS 18 on the other, is dependent on the different methods 
employed in the preparation of these extracts, and that in the case of 
PMS 22 the method involved the precipitation of serogl 3 ’coid together with 
the gonadotrophin. It lias previouslj' been shown that a single contact 
with a small dose of horse serum will desensitize a passivelv sensitized 
uterus to PMS 18 as well as to horse scrum, but not to PMS 22. If, for the 
passive sensitization, an antiserum is used which has been absorbed at 
optimal precipitating proportions with seroglycoid, then sensitiviU* to 
PMS 22 and horse serum is induced, but a single response of plain muscle 
thus sensitized to horse senim results in desensitization to the homologous 
antigen (PMS 22) as well ns to hor.se serum (see Fig. P). Moreover, the 
successive single applications of horse scnim and serogl.vcoid in small 
dosc.s to a uterus passively sensitized with unabsorbed scnim rc.sulted in 
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Fio. 6. Fio. G. 

Fio. C. Rcaponso of tho utorua of a guinoa-pig posaivcly aensiti/.od with an antiserum to 
normal horso serum. 

Fio. C. Rcsponso of two uterino horns (1 and 2) of a guinea-pig passively sensitized with 
an antiserum to PMS 22. 



Fig. 7. Response of two uterine horns (1 and 2) of a guinoa-pig passively sensitized with 
antiserum to PMS 22. 5-0 GLOB : 5-0 mg. normal horse serum globulin ; 10-0 ALB : lO-O mg* 

normal horso serum-albumin. 



Fig. 8. Response of two uterine horns (1 and 2) of a guinoa-pig pass- 
ively sensitized with an antiserum to PMS 22. 2-0 SG : 2mg. horse 
seroglycoid ; 2*0 NMS : 2*0 mg. of nn extract prepared from tho serum 
of non-pregnant mares by a method identical to that employed in tho 
manufacture of PMS 18. 
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typical anaphylactic responses to both antigens, leaving the plain muscle 
then incapable of responding to further contact -with either of those 
antigens, or with PMS 22 in the doses employed in this investigation. 



Fig. 9. Kesponse of two uterine horns (1 and 2) of a guinea-pig passively sensitized 
with an antiserum to PMS 22 from -which precipitins for seroglycoid had been removed by 
adsorption. 1-5 SG: l-S mg. horse seroglycoid; 0-2 HS: 0-2 ml. whole normal horse serum. 


Discussion 

The experiments here reported have shown the presence of precipitins 
in antisera from rabbits immunized against the most highly purified pre- 
parations of serum gonadotrophin available. The precipitins were present 
in such amoimts that their measurement by Dean & Webb’s optimal 
proportions method was possible. The antisera were capable also of 
inducing specific sensitivity of the plain muscle of guinea-pigs. 

Although the gonadotrophic extract used in the preparation of the anti- 
sera contained no chemically demonstrable protein, these antisera in- 
variably contained precipitins for normal horse serum. The extract 
reacted, moreover, though feebly, with antisera prepared by immunizing 
rabbits against normal horse serum. 

The initial experiments showed that, after removal of precipitins for 
normal horse serum, by its addition to the antiserum in optimal pre- 
cipitating amount, the antisera still contained precipitins which reacted 
in vitro with the gonadotrophic extract used for their preparation. It was 
thought possible, therefore, that these residual precipitins might be 
hormone-specific. Further experiments showed, however, that even the 
precipitins which remain, after absorption with the optimal precipitating 
amount of whole horse serum, are not hormone-specific, but can be 
specifically absorbed by an antigen which is a normal constituent of horse 
serum, but which constitutes onh- a small fraction of the total scrum 
proteins. It has been possible to identify this antigen as seroglycoid 
[Hewitt]. 

Immunization against the gonadotrophic extract has resulted, therefore, 



41G 


M. VAN DEN ENDE 


in tlio production of at least two distinct precipitins, one of whicli is 
specific for seroglycoid and is present in larger amounts than the second, 
which reacts with a different antigenic component of horse serum. Absorp- 
tion, therefore, with the optimal amount of untreated horse senim, which 
contains only a verj'' small proportion of scroglj'coid, did not appreciably 
reduce the precipitins for the latter antigen, 

Tho demonstration in these nntigonadotrophic sera of antibodies to 
seroglycoid, suggested several interesting possibilities. For instance, 
serogl 3 moid may bo acting ns a protein carrier for the hormone, which would 
account both for the presence of antibodies to seroglycoid in the anti- 
gonadotrophic sera, and for the liigh carbohydrate content which observers 
have attributed to purified gonadotrophic extracts. The results of these 
investigations have shown, however, that this is not the case. Another 
purified and highly active gonadotrophic extract was sho^vn by anaphy- 
lactic methods to be almost entirely free of seroglycoid. Further, the 
absorption of precipitins for seroglycoid, as well ns for the unidentified 
antigenic component of horse serum, although removing completely the 
precipitins against serum gonadotrophic extracts, did not significantly 
reduce the biological inhibitory power of the antisera. An antiserum pre- 
pared by the immunization of rabbits against horse seroglycoid possessed 
no antigonadotrophic action against the horse serum gonadotrophin. 

Comparison of the rate of appearance of antigonadotrophic activity in 
the serum, during the prolonged course of immunization, with the rate of 
appearance of precipitins for horse serum antigens, shows that precipitins 
rise to a maximum during the first 6 months of immunization, after which 
they remain at a constant level, whereas the antigonadotrophic power 
continues to rise steeply during the first 9 months of immunization and 
falls during the subsequent 2 months. The antibodies demonstrated by 
the particular methods employed cannot, therefore, be responsible for the 
antigonadotrophic action. 

The quantities of each of a series of extracts from the sera of pregnant 
mares or normal horses required to produce optimal precipitation with a 
fixed amount of antiserum, exhibit a wide range of different gonadotrophic 
activities. This proves again that the extracts, however much purified, 
still contain in varying proportions precipitinogens which have no hormone 
action. Seroglycoid, for instance, although present in the extract (PMS 22) 
used for producing the antisera, appeared to be absent from another 
gonadotrophic extract (PMS 18) which was used in the precipitation tests. 

Although precipitin tests and the anaphylactic reaction in vitro have 
both failed to demonstrate hormone-specific antibodies, the results afford 
useful information on the antigenic composition of gonadotrophic extracts 
from mare serum. The presence of seroglycoid, in the most highlj’^ purified 
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serum gonadotrophins employed, suggests that methods employed for the 
preparation of seroglycoid may assist in the extraction and purification of 
the serum gonadotrophin. 

The results show also that absorption with whole serum cannot he 
relied upon to remove completely the species-specific antibodies present, 
even if for absorption a quantity greatly in excess of the optimal precipitat- 
ing amount of serum is employed. 

Srr&iMABY 

Antigonadotrophic sera prepared by the immunization of rabbits against 
a highly purified extract firom the serum of pregnant mares contain anti- 
bodies demonstrable by quantitative and qualitative precipitation reac- 
tions, and by the anaphylactic reaction in vitro. 

The precipitins are directed against antigenic constituents of horse 
serum not related to the hormone. The most important of these, viz. sero- 
glycoid, is a glycoprotein. This is of special interest in view of the 
suggestions that the gonadotrophin of pregnant mares’ serum is, like sero- 
glycoid, rich in bound carbohydrate. Precipitin content and antigonado- 
trophic power showed no constant relationship to each other. 

Absorption of precipitins fi:om the antiserum, and by seroglycoid, 
resulted in the removal of aU precipitins for the gonadotrophic extracts, 
without significantly reducing the antihormone activity. 

I wish to express my thanks to Dr. I. W. Rowlands who kindlj^ per- 
formed the biological tests ; Lovens Kemiske Fabrik, Kobenhavn for a 
generous supply of pregnant mare serum gonadotrophin, and an extract 
from the serum of non-pregnant mares ; the Laboratoire du Dr. Roussel, 
Paris, for a gonadotrophic extract of pregnant mares’ serum; and 
Burroughs Wellcome & Co., Ltd., for a supply of whole serum firom preg- 
nant mares. 
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MEDULLECTOMY IN RATS 
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The elTecIs of ndrcnalcctoin 3 ' on Imir-Ioss have been studied in this 
laboratory for a period of 2 3 'cara, using rats. E.\{)eriincnts reported below 
are representative of the results now to band. 


]\lETnODS 

White and black rats, raised in this laborator 3 ’’, were used for the 
experiments. Adult animals, weighing c. 200 g. proved suitable. The hair- 
loss of 3 'oung rats was small. Extirpation of the adrenals was effected 
under ether narcosis b 3 ’- dorsal approach. In sham-adrenalectoni 3 ^, only 
one adrenal was actuall 3 ’- removed whereas the second gland was merely 
exposed. In these cases the wounds caused by operation healed much 
more rapidty than in complete adrenalectomy. In man 3 ’’ experiments the 
rats were rubbed down with a mixture of petroleum and linseed oil (1 : 5) 
3 or 4 da 3 ’'s before the operation and afterwards maintained in specially 
disinfected and isolated cages. Moulted hairs were caught on a fine wire 
mesh, placed under the cages, and weighed. The diet consisted of bread and 
cereals in abundance and of vegetables. Rubin-Krick solution was given 
to drink. The room temperature was about 24° C. The survival time 
averaged 21 days for males and 25 days for females. 


Results 

Effect of adrenalectomy on the rate of hair-loss 
The time after operation at which hair-loss by adrenalectomized rats 
began to exceed that of sham-operated rats varied with the sex of the 
animals. Table I presents the general time averages. 


Table I. Average time after adrenalectomy of onset of enhanced hair-loss 


Sox 
Males . 

Females 
Castrated males 


No. of 
experiments 
67 
12 
2 


Average time to onset of 
enhanced hair-loss 
4'5 days 


2-3 „ 


Table II compares the course of hair-loss b 3 '^ adrenalectomized and 
sham-operated rats (January-February) during a season of intense hair- 
moult (cf. Figs. 1-5, Plate I). 
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Table n 



Onset time of 

Hair-loss in milligrams 


Duration of 


enhanced hair- 

! 


—A—— 


. 

augmented 


loss in days 

Average 

1st 

2nd 

3rd 

4th 

hair-loss in 

Animal 

Sex after operation per day 

week 

week 

week 

week 

days 

Adrenalectomized 

M 2 

54 

176 

621 

399 

— 

21 

Sham-operated 

M — 

8 

53 

65 

— 

— 

At least 16 

Adrenalectomized 

F 6 

40 

137 

336 

345 

348 

30 

Sham-operated 

F — 

7 

85 

18 

— 

— 

At least 14 


Table IH compareg the figures of hair-loss by normal and adrenalecto- 
mized rats in March after the end of the season of hair-moult, the observa- 
tions in this case being continued for 6 days. 



Table in 




Adrenalectomized 

Control 

Adrenalectomized 

Control 


male 

male 

female 

female 

Body -weight in g. 

200 

200 

157 

145 

Hair-loss in mg. 

340 

37 

275 

24 


Table IV contains data as to hair-loss by adrenalectomized and sham- 
operated rats in December. Observations in this series of experiments 
were continued over 8 da3's. 



Table IV 




Adrenalectomized 

Control 

Adrenalectomized 

Control 


male 

male 

female 

female 

Body-weight in g. 

158 

157 

147 

158 

Hair-loss in mg. 

317 

24 

184 

122 


The average maximum figures of daity hair-loss recorded for adrenalecto- 
mized rats are set forth below in Table V. Corresponding rates recorded 
for control rats in a state of quiescence and in a state of active hair 
exchange are given in brackets. 

Table V 

Animals Body-weight Daily maximum hair-loss 

Males . . 200 g. 104 (8, 20) mg. 

Females . . 200 g. 90 (15, 35) mg. 

Males . . 100 g. 20 (1, 1) mg. 

An augmented hair-loss rate prevailed during an average period of 
in daj’s in the case of males and during an average period of 14 daj-s in 
the case of females (cf. Figs, l-.u, Plate I). 

The miurc and qunUt)j of the hair coat and of the moulted hair 
Tlie hair coat of adrenalectomized males loses the wirv character and 
glossy, metallic lustre which distinguishes the normal adult male ; the hair 
of the adrenalectomized males tends to become softer and more like that 
found on the female. Tlie hide of female rats remains supcrficiar.v tin- 
changed after adrenalectomy, but after a certain interval it becomes 
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evident, Uiai iidrenalcctoinix.ed rata, female and male, possess a thinner 
coat of hair Uian is nsnal in normal rats. 

Control males shed solitary tough over-coat hairs but not wool. Control 
females lose their silkier ovei'-coat hairs hut may also lose a little wool. 
During the jrlysiologioal period of hair-moult hotii males and females 
lai'gely .shed wool hairs. The ctTect of operation on males and females is 
simpl}' to incrcn.se the amount of wool shed. In adrenalcctomizecl rats 
which live for a suflicicnt length of t ime, a decline in the rate of wool loss 
may he observed ; in the end the lo.sa of over-coat liairs by adrenalecto- 
niized rats equals that of normal rats. 

In many eases, bald spots tend to appear in special regions. Skin 
.symptoms i-anging in severity from dandruff to large scabbed wound 
formation Avere found. These are discussed in greater detail below. As to 
the case with which the hair could he plucked, no significant difference 
between adrenalcctomized and normal rats A^-as observed. 

Hair-loss reactions comparable in speed, intensity and regularity to 
those evinced in adrenalectony' haA'c not been encountered in any other 
condition of endocrine shortage or excess. Examinations on this point 
carried out so far include the foIloAving; thyroidectomized, thyrotoxic, 
castrated and sex-hormone treated rats. Cases of avitaminosis examined for 
hair-loss reactions include lack of Autamin B comjdcx, Autamin A or vitamin 
D. In no ease Avere clear-cut hair-loss reactions, such as characterized 
adrenalcctomized rats, encountered. The hair-loss reactions described 
above must, therefore, be regarded as specific for adrenalcctomized animals. 

Atteinpts to inhibit the hair-loss 

Observations on the influencing of hair-loss are best carried out AA'hen this 
process is either in its initial stage or at its height. In the phase AAdien the 
rate of loss is declining, modifleation of the hair-loss course is difficult or 
impossible. 

Several common adrenal preparations (‘Cortin’, ‘Eschatin’, desoxy- 
corticosteron acetate) failed to influence the course of hair-loss. The hair- 
loss reaction is not, therefore, due to disturbances in the mineral balance, 
carbohydrate metabolism or circulatory system of adrenalectomized 
animals, since all these disturbances are adjusted by treatment Avith the 
above-named preparations. Also androsterone, testosterone, progesterone, 
oestrone and prolan were Avithout effect on hair-loss. Pregnancy did not 
exert any clear influence. Vitamins A, B-complex and E AA'ere likeAAUse 
Avithout effect. 

Feeding rations supplemented Avith rat adrenals, or AAuth extract of rat 
adrenals prepared at pH 7-3 and Avith or without addition of 5 mg. cj’-stine, 
did not modify the course of hair-loss. 
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Active hair-loss inhibiting preparations -were obtained by extraction' of 
fresh cattle adrenals with 0-2N HCl or with alcohol. The active principle 
was highly sensitive to oxygen and to alkali. Cortin from fresh preparations 
was ineffective. Either, therefore, cortex contains a second active agent 
or this agent is located in the medulla of the adrenal gland. When cortex 
and medulla were separated as completely as possible, hj'^ far the pre- 
dominant quantity of active principle was found in the medulla. The low 
activity noted for the cortex can probably be completely accounted for 
as due to the incomplete separation of cortex from medulla. In 6 experi- 
ments with 200 g. rats, 0'2-2'0 mg. of medulla still proved active, whereas 
25-50 mg. of cortex were necessary to give a significant detectable effect. 

Experiments vnth medullectomized rats 
Erom the results reported above it is to he expected that rats deprived 
of medulla but possessed of cortex will evince the same hair-loss reactions 
as are shown by adrenalectomized rats. 

MeduUectomy was carried out in part according to the method of Evans 
[1935/36], hut generally according to a modification of this method, 
wherein one adrenal gland was completely removed, and the second adrenal 
was treated as indicated by Evans. Out of 25 operations carried out, only 
4 animals were lost through cortical deficiency. All operations were 
carried out on males weighing c. 200 g. The operated animals showed 
largely the same course of hair-loss as did the adrenalectomized rats. The 
rate of loss exceeded normal about 6 days after the operation (4—8 days). 
Hair-loss by 200 g. rats continued at an abnormal rate for an average 
duration of 23 days, the maximum and minim um duration being 9 and 
40 days respectively. 

The hair-loss of medullectomized rats rose steeply to a maximum within 
3-7 days of the operation, remained at the maximum for about a week, 
then fell sharply, though frequently still exceeded the normal maximum 
(20 mg.) for considerable time periods after the decline had begun (cf. 
Figs. 1-5, Plate I). The average maximum loss per 24 hr. for medul- 
Icctomized rats was 155 mg. (60-250 mg.). The coiuse of hair-loss is 
exemplified by the follomng protocol (Table YI) of an e.xperiment with a 
male medullectomized rat weighing 222 g. Figures in brackets represent 
the hair-loss rate at the indicated times. 


Oa'^ot of 
cnlmnccd 
hftir-loM 
Ttlh ilfiy 
(G1 mg.) 


Table Yl 


Period of maxi- 
Maximum mum liair-loss 
10th day lOth-ClFt day 

(101 mg.) (Av. ?G me.) 


Onwt of Ihiration of 

drclina dccliiio to normal 
21st day 2Ut-25th day 

(to 60 mg.) (CO-18 mg.) 
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After the rate of Imi'r-losH linrl reverted to normal . areciirrence of the abnor- 
mal loss was in no case observed. Vi.'sihle difTerences in the quality of the hair 
eoat were only noted in the second Avcelc after operation. At this time the 
hair on the top, nape and shouldens is so thinned as to render the pinkish 
skin of the albinos just visible. The skin in the neighbourhood of the 
operation scar is generally completely e.vpo.scd by this time. Here, ns well 
as on the hair-covered back skin, but particularW at the tail root, yellow 
flaky patches are frequently encountered. 

In the third week after the operation the skin of most mcdullcctoinized 
rats is either bald or thinly covered on the forehead, shoulders or back 
(cf. Figs. G-7, Plato I). Theskin is thickened, and almost nlwa^'sdandrufTed 
or menl 3 \ Simultaneous baldness at all of the places mentioned is rare. 
In certain cases the hair coats remain normal or practical!}' normal in 
appearance despite a marked lo.ss of hair. 

Out of 17 medullectomized rats maintained under observation during 
prolonged time intervals, l.l developed distinct bald spots. 

Towards the end of the second week after the operation, firinl}' attached, 
pin-head sized, conical, scabbed jnmplcs appear at the forehead, near the 
upjier lip, under the chin, on the nape and on the external sides of the 
extremities (cf. Figs. G-7, Plate I). In severe cases, which, however, repre- 
sent onl}'^ a small fraction of the total number of animals examined, the 
entire skin became covered with parti}”- confluent -wounds. In no case, 
however, were the abdominal region or the inner sides of the extremities 
affected by any of the symptoms described. In a number of cases ulcera- 
tion reactions failed to develop during the full time the animals were kept 
under observation. The skin wounds, though frequently of rather ugly 
appearance, healed rapidly and often had disappeared completely in the 
5th week .after the operation. By this time, too, renewed hair-growth 
makes good progress and bald spots are generally covered over with new 
hair. Adrenalectomized rats show similar symptoms. 

At rare occasions old and feeble rats of the laboratory colony spon- 
taneously develop hair and skin symptoms such as have been described 
above. Medullectomized rats, again, at the crisis of their skin disease, 
give an impression of senescence. 

The regular reversion of the rate ofhair-loss to normal and the disappear- 
ance of the remaining skin symptoms within several -weeks after the 
operation is readily explained by the hypertrophy of extramedullary 
chromaffin in the animal organism. 

The effect of adrenalin on hair-loss 

It has been pointed out that acid extract of adrenal medulla inhibits the 
hair-loss reaction of adrenalectomized rats. Several experiments shoving 
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the effect of iniections of medulla extract in doses corresponding to 
0-5-15-0 mg. of tissue are summarized in Table VII. 

Table VII 

Hair-loss in mg. 


After injection of 

Operative Before injection of medulla extract 

treatment medulla extract 1st day 2nd day Relative hair-loss 

Medullectomized 89 48 111 1 : 0*54 : 1*3 

Adrenalectomized 107 55 102 1 : 0*51 : 0*95 

In a subsequent series of experiments the effect of pure adrenabn rather 
than medulla extract was examined. Adrenalin was found to be markedly 
active. LAdrenalin of Poulenc Freres was used. Adrenalin was injected 
subcutaneously at 5 p.m. and hair-loss on the follo^ving two days was 
determined. The limiting minimal dose was found to be 2-5-5 [xg. per 
100 g. body-weight. A series of such experiments using medullectomized 
and adrenalectomized rats and medium doses of adrenabn have been 
summarized in Table VIII. The last column of the table shows the relative 
rate of hair-loss before, during, and after adrenabn treatment where the 
former is expressed as 1-0. 


No. of 
expt. 
23 
20 


Table VIII 


Hair-loss in mg. 


Adrenalin doso Before After injection 
No. of Operative in /ig. per 100 g. adrenalin of adrenalin 
expt. treatment body-weight treatment Ist doy 2nd day Relative hair-loss 

23 Mcdulleetomized 5-75 99 48 92 1 : 0-48 : 0-02 

18 Adrenalectomized 20-100 100 43 142 1 : 0-43 : 1-42 

Adrenalin treatment in suitable dosage regularly led to a reduction in 
the hair-loss rate, but generally failed to reduce the rate to normal even 
when powerful doses were administered. The best effect was often observed 
with adrenabn in a weak dose administered either early in the morning or 
late in the evening. On repeated daily administration of adrenabn a rapid 
loss in effectiveness, whose cause could not be determined, was obser\'ed. 
When injections were made on alternate days, on the other hand, the 
action of adrenabn on hair-loss could be uniform!}' repeated. Vitamin C 
and cysteine failed to enhance the effect of adrenabn. Addition of cocaine, 
which is a powerful stimulant of the action of adrenalin on tlic blood- 
vessels and smooth muscle .system, failed to influence the effect of adrenalin 
upon hair-lo.ss. In several cases brief incubation of adrenabn at pH C-.’; for 
lO-in min. produced an increase of the adrenabn effect; incubation at 
higher pH for time intervals of more than S-20 min. completely nullifies 
the potency of the solution. Inactivation may be effected also bv enzymic 

r f ' 
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mcnns — tlirough oxidative deamination of the side chain as described by 
Blascliko, Richter & Sclilossmann [1937] or by the action of potato 
phenolasc [Blascliko Schlossmann, 1940]. 

Attempts to influence hair-loss or its reaction to adrenalin by means of 
vagal stimulanks of the choline group •were uniformly unsuccessful. In 
adrcnalectomizcd, hut not in normal rats, ergotamine (0-25 mg.) occasion- 
ally evoked violent itch reactions and an increase of liair-loss. As might 
be expected, also, ergotamine occasionally neutralizes the inhibitory 
effect of adrenalin on hair-lo.ss. 

The question whether the principle regulating liair-loss in adrenal 
medulla is identical with adrenalin was examined in the following manner: 
The minimum effective dose of fresh medulla extract ■\vas determined. 
Concurrent!}' the adrenalin content of the extract was assa3'cd by t'W’O 
methods: that of Folin, Cannon & Denis [1913] and that of von Euler 
[1933]. The average minimum effective dose of extract found in six experi- 
ments corresponded to 0-7 mg. medulla. The adrenalin content of the latter 
Avas found to be 5/ig. Calculated to 100 g. body-Aveight of rat (200 g. rats 
AA'ere used) the minimum dose of extract corresponded to 0-35 mg. 
medulla = 2-5/xg. adrenalin. With synthetic /-adrenalin the minimum 
effective dose Avas found to be 2*5-5/ig. TJie close agreement observed in 
the respectiA'o minimum dose Ica'cIs appears, therefore, to justify the 
conclusion that adrenalin or some closely related compound is the hair-loss 
regulating principle in adrenal medulla. 

Influence on hair-loss of substances related to adreyialin 

Different substances related to adrenalin, AA-hich Avere available in the 
laboratory, were tested for their action on hair-loss. The results of these 
tests are summarized in Table IX. 


Table IX 


Substance 

Dose 

Effect 

Catecliol 

6 and 10 mg. 

negative 

Tyrosine 

6 mg. 

negative 

Diiodotyrosino 

7, 6, and 10 mg. 

negative 

Diox3^1ienylalanin0 

4, 7-5 and 11 -5 mg. 

negative 

Tyramine 

6, 10 and 16 mg. 

positive 

it 

1 and 2 mg. 

negative 

Ephetonine 

3 and 10 mg. 

negative 

Benzedrine 

2-6 and 6 mg {per os) 

negative 


Among the substances tested, tjTamine alone proved effective, though 
even this only in concentrations considerably greater than AA'ere necessary 
in the case of adrenalin. It is pertinent to this result to mention the in 
vitro synthesis of adrenalin from tyramine demonstrated by Schuler and 
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his colleagues [Schuler & Weidemarm, 1935 ; Schuler, Bernhardt & Eeindel, 
1936] and Devine [1940]. The formulation of general rules relating 
chemical constitution with physiological activity in respect of hair-loss 
must await the extension of the tests to include a greater number of 
compotmds. The inactivity of benzedrine and ephetonine, the low activity 
of tyramine, and the failure of cocaine to enhance the inhibition of hair- 
loss by adrenalin support the conclusion that hair-loss inhibition by 
adrenalin probably has nothing in common with the well-known other 
effects of this hormone, but should be regarded rather as a further special 
activity involving a special mechanism. 

Discussion 

The bulk of the experimental evidence on the function of the adrenal 
medulla seems to indicate that this portion of the gland plays no significant 
role in bodily economy during periods of rest. In conditions of emotion, 
violent muscular exercise, cold, &c., epinephrine, on the other hand, is 
liberated reflexly. The functional importance of the adreno-sympathetic 
mechanism in mediating these important physiological responses during 
emergencies is well established. Studies on animals in which the adrenal 
meduUa had been destroyed by methods which do not limit the functional 
activities of the adrenal cortex and in which the rest of the sympathetic 
system has been left intact, however, have given little convincing evidence 
that animals are less capable of survival following destruction of the 
adrenal medulla than a normal animal in a condition of stress which 
involves vigorous muscular activity [De Campos, Cannon, Lundin & 
Walker, 1929 ; Harris & Ingle, 1940 ; Rogoff & Nixon, 1940]. The function 
of the adrenal medulla is at present more enigmatic than ever. The pheno- 
menon of hair-loss described constitutes a clear case of a deficiency which 
is caused by removal of the adrenal medulla, influenced by the administra- 
tion of medulla extract or adrenalin, and is spontaneously corrected after 
several weeks, probably through the hj’pertrophy of additional chromaffine 
tissue. To all appearance no connexion between the hair-loss reaction and 
other effects of adrenalin has yet been found. The former phenomenon 
can be measured very soon after the removal of the adrenal medulla ; the 
quantitative assaj- of the effect is easy and pro-vides a convenient and pro- 
nounced indicator of the effect of adrenal medulla or adrenalin. We are 
aware that the hair-loss and skin reactions may be only a few of the manv 
changes induced by medullectomy, which, taken together, produce the 
general appearance of senescence. The hair coat appears to form a tissue 
which is unusually su.cceptiblc and rapidly reactive to adrenalin dcficicncv. 
Other effects of medullectomy are probably dampened to a greater or 
lesser extent by the action of extramedulian.- chromaffin tissue, and all 
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deficiency cfTcct.s arc probably cancelled wilbin a relative!}' brief time by 
the liyj)ertro])by of the latter. 

Since the initiation of .studies on nut rit ional deficiency in rats, numerous 
characteristic skin and hair-coat .symf)toins have been observed and 
described. 'J'hcsc symptoms have been observed in advanced stages of 
almost all known avitaminoses, but arc not an integral part of the 
syndromes described. In the case of certain avitaminoses of rats, the skin 
symptoms serve as a mo.st important indicator of diet deficiency. This is 
particularly true of the deficiency syndrome which characterizes avita- 
minosis of the Bn grouj). A comprehensive summary of these symptoms 
has been published recently [Chick, ^lacrac & ^Vordcn, in-lO]. The peculiar 
jihenomenon of the greying of the hair of black rats deprived of a vitamin, 
recently shown to be distinct from the B group, deserves sj)ecial mention 
in this conne.xion [cf. for instance Morgan, Cook Davison, 19.3S]. The 
skin symptoms observed after medullcctomy arc very difTcrcrit from those 
found in avitaminoses, and cannot, prima facie, be connected with the 
latter. It may prove significant, however, that severe changes of the 
adrenals have been found in certain avitaminoses and it should be of 
interest to examine the effects, if any, of adrenalin upon the skin symptoms 
observed in those latter [Daft & Sebrell, 1939]. 

A search of the literature for previous work on the liair and skin 
sjnnptoms of medullectomizcd animals disclosed two pertinent references. 
In the compendium of Biedl [1922],Pcndcin 1913is stated to have observed 
hair-loss after adrenalcctom}'. Bayer [1929] cites a similar finding by 
Ferreira de Mira using dogs. 

Butcher & Richards [1939], working with rats, have shown that adrenal- 
ectomy strongly stimulates the growth of the second hair coat, previously 
inactive hair buds being found to show signs of development 40 hours 
after the operation. According to these authors, the effect is dependent 
on the removal of the adrenal cortex. It appears justified, therefore, in 
view of this and of our own findings, to conclude that hair-moult in rats 
is regulated by the adrenal glands. 


Summary 

1. Adrenalectomy causes a marked, though transient, increase in the 
rate of hair-loss in rats. The inci’eased loss is largely of wool hairs. Skin 
S5'mptoms, ranging in severity from dandruff to extensive ulcer formation, 
are frequent concomitants of the hair-loss reaction. 

2. Medullectomizcd rats show a similar transient increased hair-loss 
and similar skin symptoms. 

3. Acid extract of adrenal medulla can inhibit the hair-loss reaction. 
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The minimum effective dose of extract for a 200 g. rat corresponds to 
0-7 mg. of medulla and contains S/xg. of adrenalin. 

4. Corresponding quantities of s 3 Tithetic Z-adrenalin -were equally effec- 
tive in inhibiting the hair-loss reaction. 

5. The phenomenon described provides a convenient test of deficiency 
conditions as yet unknown, which are induced in the organism by medul- 
lectomy and is a simple indicator of their modification by medulla extract 
and adrenalin. 

6. No connexion between the effect of adrenalin on hair-loss and other 
known effects of adrenalin has as j'et been found. 
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THE EFFECT OF DESOXYCORTICOSTERONE ON 
THE BODY-WEIGHT OF FROGS 

]iv D. J. ])0\v 

From the Drpmimnit of JIvmnn Annlnmy, Oxford 
{lieccAVcd G March 1011) 

In n previous e.\])crimcnfc fDow & Zuckcrninn, 1939], it vns found that the 
bod 3 '-'\vcight of axolotls tends to fall following the injeetion cither of 
adrenal cortical extract or of dcsox^'corticostcrone acetate. Since such 
treatment leads to an increase in bod 3 '-weight and water retention in 
adrcnalcctomizcd mammals, this finding suggested that, in so far as loss of 
bod 3 ’^-weight indicates a loss of bod 3 ’--waler, cortical hormone does not act 
in the same wa 3 ' in axolotls as in majnmals. It was consequentl 3 ' of 
interest to test its effects in another amphibian species. 

Methods 

Animals 

Fift 3 '’ male frogs were used, var 3 dng in weight from 8-50 to 28-25 g. Each 
animal was used for one injection onl 3 ’’, and kept (and fed) during, and for 
12 hr. before, the experiment in a perforated tin (8x8x4 in.) lined with 
damp grass and moss. Weighings were made hourl 3 ^ after each injection 
over a period of 12 hr. and again 24 hr. after the beginning of the experi- 
ment. The frogs were weighed in a dr 3 ’^ beaker on a swing balance and 
returned to their tins. The beaker Avas reweighed immediatel 3 \ 

Injections 

Three groups of frogs Avere used. One control group of ten animals 
received no injections at all. Each of a second control group of tAvent}’’ 
animals received 0-25 ml. of arachis oil. Each of the remaining tAA'enty 
animals received 0-25 mg. desox 3 morticosterone acetate in 0-25 ml. arachis 
oil. Injections Avere made with a glass tuberculin S 3 '^ringe subcutaneous^ 
in the mid-dorsal region. 

Results 

Thirteen of the animals given desox 3 ^corticosterone died before the 
completion of the experiment. The first death occurred 5 hr. after the 
injection and one or tAvo animals died in eveiy subsequent hour. 

The remaining animals survived for at least 30 hr. From 4 hr. after 
injection the skin of all the animals gh'^en desoxycorticosterone became 
noticeably abnormal to the touch : the usual sliminess Avas absent and the 
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g|?rn felt somewhat like damp wash-leather. Moreover, all the animals 
became inactive about this time and remained so for the whole period they 
were under observation (30 hr.). 

The changes in body-weight are illustrated in the accompanying table, 
in which the mean body-weight at successive hours after injection is 
expressed as a percentage of the mean body-weight at the time of injection. 
The individual figures obtained for any one period show great variation. 
Consideration of the data indicates that this variation is largely due to 
the fact that whereas a maintained increase in body-weight occurred in 
the majority of the surviving animals within 12 hr. after injection, the 
increase began to show itself at widely differing times. 

The data for the animals injected with arachis oil and for the uninjected 
animals are also collected in the table. No deaths occurred in either group, 
so that it may be concluded that the 65% mortality in the desoxycortico- 
sterone group was due to the drug itself. There are no significant 
differences between the uninjected and the oil-injected groups. 

Desoiycorticosterone 



Uninjccted 

Arachis oil 

All animJils 

Seven survivors 

Initial weight 

8-5C-12-25 

10-50-23-50 

11'2^28*25 

12*50-28'25 

range (g.) 
Dose range 






8-9-22-2 


8-9-20-0 

K-le- 









Hours after 

No. of 


, ^ 

No. of 

No. of 

No. of 

injection 

obs. 

% " t. 

obs. 

0/ ...f 

/o *'r. 

obs. 

% "t. 

obs. 

% 'vt. 

1st hr. 

10 

102-74 ±8-9 

20 

101-17±0-44 

20 

99-93±0-95 

7 

10OG.5±l-33 

2nd „ 

10 

102-74 ±01I 

20 

93-75±051 

20 

99-01 ±0-94 

7 

100-5S±l-32 

3rd „ 

10 

97-00±0-9G 

20 

100-00±0-51 

20 

99-92 ±1-59 

7 

101-3I±1-19 

•1th „ 

10 

07-90±012 

20 

100<K)±0-59 

20 

99-99±2-40 

7 

101-17±2-32 

5th ,, 

10 

10300±a-95 

20 

97-92±0-5G 

19 

100-2S±l-29 

7 

101-3S±215 

Glh „ 

10 

102-7 1 ±0-90 

20 

102-OS±0-58 

19 

101 -5G± 1-30 

7 

103-33±2-53 

7th „ 

10 

97-00 ±0-85 

20 

10000±0-C2 

18 

102-60±l-37 

i 

101-32±2-3G 

6th „ 

10 

102-7-1*0 95 

20 

100-00±0-C5 

10 

101-42±1-9S 

7 

105-23±3-09 

nth „ 

10 

102-74 ±0-69 

20 

97-n2±0-C0 

12 

105-23±2-17 

1 

103-60±3-12 

lOlh „ 

10 

100-00±0 90 

20 

07-92±OeC 

11 

10I-Gl±l-80 

7 

105-47±l-09 

nth „ 

10 

102-74 ±1-1 

20 

0392±073 

9 

10j-03±2-IS 

i 

103-76±2-41 

12th „ 

10 

I0000±0-7T 

20 

95 83±0-73 

9 

105-31±2-47 

7 

100-a5±2-&l 

mill „ 

10 

98-62 ±0-92 

20 

95-63±021 

7 

107-39 - 0-14 

7 

107-39 ±0-4t 


The mean relative bodj'-weight of all the frogs given desoxyeortico- 
stcronc acetate has been compared b\' Fisher’s T test with the corre- 
sponding mean weight in the oil-injected animals. The difference became 
significant {P — <0-01) at 7 hr. after injection, and remained significant 
up to 24 hr. when weighings were discontinued. The differences are also 
significant at the 7th hour if the comparison is made between the control 
group and only those frogs which sur\-ivcd the whole cx}X)riincntal jveriod 
after the administration of dcsoxycorticosteronc acetate. 
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The results of t his nnnlj'sis show that dcsoxycorticoslcrone leads to an 
inerenso in the body-weight of frogs. The irregtdar incidence of the increase 
is ])robnbly duo to variations in relative dosage. Thus mean dosage in 
/tg./g. received by t hose animats showing a maintained increase beginning 
in the first 3 hr. is 10‘4 /tg./g., and in those showing a similar cficct between 
G and 12 hr., ll-S/tg./g. 

SUMMAIIV 

0'2f) mg. of deso.xycorticostcrone acetate in arachis oil were injected 
into each of twenty male fi'ogs weighing from II to 23 g. Thirteen died 
within 24 hr. A control group was given oil alone. The mean body-weight 
of all the hormone-injected animals increased significantly from the 
7th hour of the c.vpcriment onwards. Frogs thus behave differently from 
a.xolotls in their reaction to cortical hormone. 


RKI'KIIKKCK 

Dow, D. J., & Zuclcormnn, S. tlH.TO]. Journal of Endocrinology, I, 387. 



THE EFFECT OF OESTROGENIC STIMULATION 
ON THE HUMAN PROSTATE AT BIRTH 

By E. P. SHABPEY-SCHAEER akd S. ZUCKERSLYNT 

From the British Postgraduate Medical School, London, and the Department of 
Human Anatomy, Oxford 

{Received 1 April 1941) 

Although the changes which oeatrogens induce in the prost-ate differ in 
detail from species to species, in general they alwaj’^s begin in epithelial 
and fibro-muscular proliferation, and usually result in gross enlargement 
of the organ. This fact is primarily responsible for the belief that the 
clinical disorder of benign prostatic hj^pertrophy is also due to oestrogenic 
stimulation, a view which in large part is responsible for the use of andro- 
gens as a counteracting measure in the treatment of the condition. As 
yet, however, there is little direct information about the effects of oestro- 
gens on the human prostate. For that reason it is of interest to report the 
observations which form the subject of this paper. 

Hamilton, Heslin & Gilbert [1937] state that no prostatic changes were 
induced in men who were given 13 injections of 50 to 150pg. of oestrone 
over a period of 26 daj's, their conclusion being based on various indirect 
clinical signs and on the examination of biopsj* specimens removed at the 
end of the period of injections and at intervals in the succeeding 5 months. 
Positive results of similar treatment were, however, obtained by Moore & 
McLellan [1938], who injected 5 men with a total of from 15,000 to 
140,000 I.U. of oestradiol benzoate for periods varj-ing between 10 and 
31 days. At the end of the period of treatment prostatectomies or trans- 
urethral resections were performed, and it was found that marked changes 
had occurred, particularly in the epithelium of the urethra and the 
prostatic collecting ducts, which had become deepl}- stratified, and in 
places had undergone so-called squamous metaplasia. These changes are 
similar to those obscia'ed in the prostates of new-born infants, and thev 
are regarded by Moore & McLellan ns an intensification of those usuallv 
obsci^'ed in the benignly hypertrophied prostates of men not treated %%-ith 
oestrogens. 

The peculiar histological characteristics of the prostate at birth, which 
are detailed below, were first reported by Aschoff in 1S94 and by Schlachta 
in 1904. In 1904 and 1905 Halban ascribed them, on purely theoretical 
grounds, to the action of maternal sex-hormones which had passed through 
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ilio plnccnln. TIickc findings niul views wore given j)roniincnoc by Burrows 
[in3r)], who drew atlcniion to' the similarity of the picture of the new-born 
Innnan prostate with tlie clianges wliich oestrogenic stimulation produces 
in mice. 

The present paper is concerned both with the histological appearance 
of the prostate at birth, and with the responses of the organ to injected 
oestrogen. 


i\rATi:niAL 

Fifteen infantile prostates were available for study. Two were from 
babies who had been given, in the course of treatment, a mg. of oestradiol 
benzoate dailj’^ for 40 and OO da 3 ’s respectively. The first died of a con- 
genital cor trilocularis at 7 weeks and 1 daj’, and the second, at months, 
of a severe congenital h 3 'droccphnlus. 

The remaining thirteen were from infants who had not been given 
oestrogen and who died at the following ages : 


Still-bom . 

12 hours 
1 day 

•4 dftj’.'i (promaturo) 

5 days 
0 wooks 
8 wooks 
12 wooks 

6 months . 


1 

1 

1 

1 

1 

1 

1 

1 


The tissues were removed at times varjdng betw'een 3 and 72 hours after 
death. Most were fixed in Formol saline, and a few in Bouin’s fiuid. Some 
Avere cut in the sagittal and others in the transverse plane, most sections 
being stained wdth haematoxylin and eosin. 


Observations and Results 
The prostate at term and in the first txoo months of life 
Our observations on the normal appearance of the infantile prostate m 
most places confirm and in some extend the verj'^ detailed descriptions 
given by Aschoff and, in particular, Schlachta. The facts are briefly as 
follows. At birth the prostate is larger than it is after the third month. 
The epithelium over the crista urethralis, instead of being of a transitional 
type, as it is after the third month, is deeply stratified, especially in its 
central region (Figs. 1 and 2, Plate I). The change rarely extends far 
above the mouth of the uterus masculinus, nor does it reach to the distal 
limit of the prostatic urethra. The stratification is due to a process, usually 
regarded as epithelial metaplasia, which also affects the uterus masculinus 
and those prostatic ducts vdiich open in the region of the mouth of the 
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uterus masculinus. In the prostatic ducts the change begins at the 
8th month of the foetal life, and in the uterus masculinus, according to 
Pallin [1901], at the beginning of the 5th. 

No ‘metaplasia’ has been recorded after the 68th day. Schlachta 
examined sections from 5 infants in the first year of Ufe. Stratified 
squamous epithelium was found in the prostate of one 68 days old, hut 
none was present in prostates removed from older children. There were 
8 specimens in our corresponding control series. Relatively little squamous 
epithehum was present in the prostate of an infant aged 6 weeks, and 
none in infants of 8 and 12 weeks. The intensity of the change presumably 
diminishes progressively after birth. 

Schlachta emphasizes the fact that the number of prostatic ducts 
which show the change varies, but that the change is (a) symmetrical, 
(6) better marked in the more cephalic than in the more caudal ducts, and 
(c) also present in isolated urethral glands which sometimes occur in the 
anterior part of the prostate. The ducts which pass through the pre- 
spermatic part of the organ (‘utricular bed’ [Zuckerman, 1938]) to open 
into the lateral methral gutters just above the mouth of the uterus 
masculinus are usually most affected (Fig. 3, Plate I). The change may 
affect the whole of a duct, or be isolated to only a part, usually, but not 
always, the region nearest the methra. The metaplasia begins in one or 
more foci, generally situated near the urethral opening of the ducts. When 
the prostate resumes a normal appearance towards the end of the second 
month of extra -uterine fife, it is in these parts of the prostatic ducts that 
stratified epithelium persists longest. It may be noted that in the first 5 ’ear 
of life, and until puberty, the prostatic ‘glands’ consist only of collecting 
ducts, true secretory alveoh not yet being differentiated (Fig. 4, Plate I). 
JIan}' of the ducts are not fully canalized, and most show solid lateral and 
terminal proliferating nodes. 

The altered epithehum is made up of one or more layers of verj* large 
clear swollen cells, which give a glycogen reaction, and which as a rule 
overlie one, two or three layers of unchanged small basophil cells (Fig. 5, 
Plate I). Occasionally, transformed cells appear to be proliferating under 
a layer of normal cells which become raised from their original position. 
As the transformation of the originally cuboidal or cylindrical cells (which 
in normal circumstances line the prostatic ducts and the utenis masculinus) 
continues, the ducts become much distended, often completely occluded, 
and sometimes cystic. Often a focus of these cells, arising from a few cells, 
may block a duct which is othcrwi.=e normally lined. Degeneration and 
desquamation of the stratified cells occurs, and as the desquamated cells 
disintegrate, many undergo liquefaction and disappear (possibly in part 
through being discharged into the urethra). Thin strands may be lofi 
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])assing ncross tlic duels, wliilc smnll (uhular glandular formations, lined 
by cuboidal cells, somotimes containing ‘colloid ’, not infrequently develop 
in the Ibickeued walls of the prostafic duels. They arc identical with the 
similar structures which apjicar in the ])rostatie ducts of langur monkeys 
(Prcfihi/tif; cjitrlhtfi) that have been injected with ocstronc [Zuckerman & 
Sandys, in:U)]. 

The swollen stratified cells, according to iSchlachta, sometimes give a 
mucin reaction, which may also be given by their cell membranes and by 
the ‘degeneration globules’ that are found in a mass of swollen stratified 
cells. 

The form of the transformed uterus masculinus varies in shape and size 
from specimen to sj)ecimen. In most it consists of a large distended sac 
lined with ‘mctaplastic’ squamous epithelium, from the basal and un- 
changed layers of which irregular cords of cells pass into the surrounding 
hyperplastic and oedematous stroma (Fig. 0, Plate I). Sometimes these 
proliferating cords have differentiated to form secondary glands, of the 
kind observed in the Entcllus Langur [Zuckerman & Parkes, 1930]. 
Similar gland-like structures also appear in the wall of the main lumen of 
the utricle. Occasionally, as in maiyv species of monkey, the utricle is 
T-shaped in cross-section, its main lumen not being distended (Fig- 7) 
Plate II). At other times the organ consists of an irregular series of cords 
of cells passing in all directions from a main lumen (Fig. S, Plate II), which 
in one specimen divides to open into the urethra b}' two mouths. 

The epithelium of the ejaculatory ducts is sometimes h3q')erplnstic near 
the urethra. The epithelium of the seminal vesicles is inactive, and in no 
specimen was it hyperplastic or metaplastic. On the other hand, the 
muscular wall of the seminal vesicles is relatively greatlj'^ thickened during 
the latter months of foetal and in the first months of extra-uterine life, a 
change also suggestive of oestrogenic stimulation [Zuckerman & Sandj's, 
1939]. 

The degree to which the susceptible parts of the prostate undergo 
‘metaplasia’ varies according to no apparent rule. The crista maj’’ be only 
slightly and the uterus masculinus greatly changed ; sometimes the reverse 
condition holds. Occasionally the prostatic ducts show little ‘metaplasia’, 
and the terminal parts of the ejaculator^’^ ducts are much altered ; at other 
times the reverse condition holds. The available material makes it im- 
possible to decide whether this variation is indicative of variation in the 
order in which the prostate resumes a normal condition. 


T/ie prostate after oestrogenic stimidation 
Both the babies who were given oestrogen during treatment died at an 
age when the prostate Avould have resumed a normal inactive appearance 
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(7 -weeks and 1 day, and months respectively). In both, however, the 
prostate had undergone extensive epithelial changes of a kind associated 
in other species of primate (and in other mammals) -vith oestrogenic 
stimulation, and of the kind normally present in man only just before and 
just after birth. 

The prostate of the infant which died at 7 weeks showed fewer changes 
than the one which died at months, although both had received 
approximately the same amount of oestrogenic hormone. In both the 
changes were restricted to the urethral epithehum, the uterus masculinus 
and the uppermost prostatic collecting ducts (Fig. 9, Plate II). The change 
in the urethra did not extend to the ventral wall and was restricted to the 
central part of the crista urethralis immediately above and below the 
opening of the uterus masculinus. In neither were the terminal buds of 
the ducts in any part of the prostate affected (Fig. 10, Plate II) ; these 
parts of the prostatic glandular system appeared identical -with the corre- 
sponding structures in monkeys that have been injected vith oestrogenic 
hormone. In both specimens, too, the lower part of the prostate was 
completely unatfected. The metaplastic process (Fig. 11, Plate II) was in 
large part thus confined to epithelial structures in the utricular bed, which 
was much enlarged relatively. There was no epithelial change in the 
ejaculatory ducts, seminal vesicles, vas deferens, or (except in an occasional 
collecting duct) in Cowper’s glands. Co-n-per’s glands were similarlj* un- 
responsive to oestrogens in rhesus monkeys [Aykro 3 'd & Zuckerman, 
1938]. 


Discijssiox 

These observations provide direct evidence in support of the hj-potliesis 
that the changes which arc normnll}" observed in the new-born human 
prostate are due to the action of oestrogenic hormone whieh has passed, 
in the latter half of foetal life, from the maternal organism through the 
placenta. The response of the new-born human prostate to oestrogen 
appears to be similar to that of the rhesus monkej' in so far as, in manv 
specimens, the human uterus masculinus responds mainlj- bv* epithelial 
stratification [Parkes & Zuckerman, 1935; Zuckerman, 1938], It is 
similar to that of the Entellus Langur in so far as, in some specimens, the 
utricle proliferates partU- in a glandular manner, and in the restriction of 
the change to those structures which open into the urethra, and to that 
part of the urethral epithelium in the immediate vicinitv of the mouth 
of the utricle [Zuckerman A Sandys, 1939], The response of the new-bom 
human prostate is also similar to that of both species of monkev in so far 
as the greatest degree of prostatic growth takes place in the stroma 
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through which pnss (he utcriiH nuisculimis, (lie uj)pcr collecting and the 
common ejaculatory ducts. 

No evidence is ye(, nvailnl)lc to show wliethcr the mature Iiunian 
j)rostnto responds to oestrogenic .stimuhilion in oxnclly the same way as 
the infantile prostate. Itloorc & McLellan [lO.'tSJ refer not to any changes 
in tlic uterus masculinus hut only to changes in the urethral epithelium 
and prostatic collecting ducts, Avherc the}'' arc similar to those of the 
infantile j)rostato. In view of this observation it would, liowever, seem 
unlikely (though not iinpo.ssihic) that the mature utricle would normally 
proliferate under the influence of oestrogenic stimulation diffcrentlj' from 
that of the new-born prostate — i.e. that it would undergo a t}'pe of 
glandular hyperplasia which would be indistinguishable from the histo- 
logical picture seen in the ‘middle lobe’ of a benignly enlarged prostate, 
rather than undergo a predominantly vaginal type of response as it does 
in the new-born infant. 

This likelihood docs not exclude the possibilit}’’ that oestrogenic stimula- 
tion is in some wa}’- concerned in the })roduction of the clinical condition 
of prostatic enlai-gcmcnt. Both Itloore & ItIcLcllan, and Burrows, regard 
the metaplastic changes which are observed in the new-born prostate ns 
being essentially similar to the changes that occur during the process of 
benign enlargement. Furthermore, there is definite evidence that certain 
t 3 "pes of enlargement in dogs arc due to oestrogenic stimulation [Zucker- 
man & Groome, 1937 ; Zuckerman & jMcKeown, 1938]. To Avhat extent 
oestrogens are responsible for the human clinical condition can only be 
determined b}'^ further histological stud}'^ of its earlier stages, and b}’' com- 
paring them with the effects of direct oestrogenic stimulation in adult men. 


SUMJIARY 

1. In the later stages of foetal and in the first two months of post-natal 
life the human prostate shows changes suggestive of epithelial metaplasia. 
These changes, which comprise a transformation of small cuboidal or 
cylindrical cells into a stratified epithelium of large clear cells, are generally 
restricted to the uterus masculinus, the upper collecting ducts and the 
epithelium over the summit of the crista urethralis. 

2. Similar changes were observed in the prostates of two infants Avho 
were given oestradiol benzoate in the coiu’se of treatment, and who died 
(of congenital defects) at an age when the prostate would have resumed a 
normal inactive appearance. 

This fact is taken as evidence in favour of the hj^pothesis that the 
changes observed immediately before and after birth are due to tho 
leakage through the placenta of sex-hormone from the maternal organism. 




I'lO. 1. Snpittnl fiortioii of jiroHlnto of titill-liori) infnnt. 'I’lio criHtn iin'llirnlis i.M dooply stratifu 
oi)illiolinl tiiotaj)Ia.Min ran ha neon it> atilorior })roMtatic pland.'i. 

Fifj. 2. Iligli-jiowcr viow of j'rista iirotliraliH of prccciliiig Kocliori. x02. 

]'io. 2. Sagittal spctioti of prostata of still-horn infant. Distontlod niotaplastic collecting due 
ho .soon in tlio nj)por jjart of tho organ. Tho ntoriis innsoidinus is tlio largo irrogular-s 
sfructnro lying holwoon the elislondod collooting ducts and tlio true proslafic ti.ssuo. 

Fio. -1. I’rostatio ‘glands’ in prostate of five. day old infant. The alveoli Imvo not yet 
ontialcd. x02. 

Fio. "), Collecting ducts in prostate of five-davolel infant. The L'[)ithelinin hasiindorgono mota] 

X02. 

Fio. 0. Transvoivso .section of prostate of one-day old infant. The ntorns masculiniis is very 
and its epithelium has nndorgono metaplasia. Tho epithelium of tho crista iirothralis hi 
imdergono metaplasia at tho level of tho section. 
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PLATE I 




Fio. 3. 






Fig. 7. Trnnsvorso Kcclion of uterus innsnulinus of five-rlny oltl infnnt. TIio lumen tins the T-shnpo thnt 
is observed in rliesus monkeys. Strnnds of cells from tlio bnsnl Inyers of tlio utriculnr opitholiiim 
nro extending into tlio surrounding slroinn. The suporfieini layers of the epithelium have under- 
gone motnplnsiii. X 02. 

Fig. 8. Uterus mnsculinus of eight-week old infant. The organ consists of a diffuse .system of prolifcrn- 
ting glands extending in all directions. No metaplasia is apparent, x 02. 

Fig. 0. Transvor.so section of prostate of infant 7A months old after oestrogen treatment. The utricular 
bed is very extensive, as is also the uterus ma.sculinus, which has undergone extensive metaplasia. 
X92. 

Fig. 10. Prostntic ducts in same specimen .showing no effect of the oestrogenic treatment. 

Fig. 11. High power view of motaplastic colls of uterus masculinus of same specimen. X 02. 
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THE EFFECT OF PREVIOUS ON SUBSEQUENT 
RESPONSES OF RHESUS MONKEYS TO 
OESTROGENS 

By S. ZUCKERJIAN 

From the Department of Hmnan Anatomy, Oxford 
{Received 17 April 1941) 

Conflicting statements have reeentlj’- been made about the view that 
previous oestrogenic stimulation influences an animal’s subsequent 
responses to oestrogenic hormone. Thus Emmons [1939] vTites that there 
is no correlation in mice ‘betiveen the amounts of oestrogen previousl}’’ 
received and sensitivity at any given time’, except in animals ‘which 
have had one previous injection only or have received no oestrogen for 
more than six weeks’ — such animals being less sensitive than others. 
In a more recent stud}’’ devoted to this point alone, Palmer [1941] states 
the contrary conclusion that a significant positive correlation does actually 
exist in mice between ‘present resiionse and history of response to previous 
treatment’; the divergence between this and Emmens’s finding, Palmer 
suggests, may be due to the fact that his own observations were made at 
weekly, and Emmens’s at fortnightly intervals, by which time tlie effect 
of a dose of oestrogen might have worn off completely. Bishop & McKeown 
[1941] also show that previous dosage affects subsequent responses in mice. 
Their results indicate that animals wliicli liave been injected for relatively 
long periods with high doses of oestrogen are less sensitive than animals 
treated for the same period with low doses. 

The data presented below show that tlie threshold dose of oestrogen, 
given in a single injection, to which a rliesus monkey will respond varies 
according to the animal’s immediately previous response to oestrogen. 
By threshold dose is meant the least amount of hormone that is needed 
to influence the endometrium so that a phase of uterine bleeding follows 
[Zuckerman, 1937a]. 

Material and Methods 

The observations on which the present paper is based were made in 
the course of a long-term study, the results of which will be published 
later, of the relative potency of the following oestrogenic compounds, 
which were given in a single injection intramuscularly in oil solution : 

1. Oestrone 

2. Oestrone benzoate 

3. Oestradiol 

4. Oestradiol benzoate 
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5. Oestradiol caprylate 

6. Oestradiol dipropionate 

7. Oestradiol 3-benzoate- 17-n-butyrate 

8. Diethylstilboestrol 

9. Dietbylstilboestrol dipropionate 

10. Hexoestrol 

11. Dihydroxy diphenyl hexadiene. 

Thirty-one adolescent or mature spayed rhesus monkeys {M. mvlatta) 
were used. In testing a compound the first step was to administer a purely 
arbitrary dose. If this dose was followed after an interval by a phase 
of uterine bleeding, the dose was reduced and the experiment repeated 
until a level was reached at which bleeding did not occur. If bleeding did 
not occur after the first injection, the dose was raised until it did occur. 
As a general rule the following scale of doses, in mg., was adliered to: 

10-0, 7-5, 5-0, 2-7, 2-0, 1-5, 1-0, 0-75, 0-5, 0-4, 0-3, 0-2, 0-1, 0-075, 0-05, 

0-025, 0-0125, 0-00625, 0-003125, 0-0015, 0-00075, 0-0005. 

In the case of esters the amount given was calculated in terms of free 
hormone. 

After injecting, vaginal lavages were made daily until uterine bleeding 
occurred or until at least 40 days had passed (60 days in the case of hex- 
oestrol and the hexadiene compound). In no instance was an experiment 
abandoned (i.e. was it assumed that bleeding would not occur) until the 
vaginal lavage had assumed the character it has in untreated spa 3 ^ed 
monkeys. When uterine bleeding occurred, a new injection was given as 
a rule on the second or third day of bleeding. 


Table I. Latency in days before uterine bleeding occurs after singll. injections 
of oestrogens. All values, except the line at the fool of the table, are 

percentages. 
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Table I shows that in onl}' 4% of 318 experiments in which the injection 
was followed uterine bleeding was the latent interval longer than 40 da 3 '^s 
and in the case of no single substance did this percentage exceed 10. 

Results 

Before a preliminar 3 '^ idea of the potencj’’ of anj'^ of the tested substances 
was obtained, it was usual to alter the doses (in the scale chosen) in a 
somewhat haphazard way from experiment to experiment. It soon 
became apparent, in comparing different animals, that the threshold 
appeared lower in animals which were tested with decreasing effective 
amounts of hormone than in animals which were tested with increasing 
amounts, beginning at an ineffective level. As soon as this fact was 
appreciated, each animal, so far as possible, was tested against each 
substance in both ways. With practicallj’- no exception it was found, as 
in the comparison between animals, that the threshold dose for any given 
animal was lower when the doses were decreased, starting at an effective 
level, than when they were raised from an ineffective level. In either 
case the threshold did not remain constant over a period of time, although 
its variation was only within narrow limits. These findings are exemplified 
by the records detailed in Tables II-V, which are representative of the 
entire group of some fifty similar series of experiments. 

Table II. Uterine bleeding in a rhesus monkey (70.34-50) after single injec- 
tions of oestradiol Z-benzoate-\l -n-briUjrate. Depending on whether the doses 
were either being decreased or increased, the animal responded or failed to 
respond to 0*10 mg. and 0-50 mg. respectively. Uterine bleeding had occitrred 
in the experiment immediately preceding the first of this series 


Sequence of experiments 

Amount of hormone 
(mg.) 

Result 

Threshold (mg.) 

1 

005 

No bleeding 


2 

0-075 

>> 


3 

0-60 

*1 

0-6-1-0 

4 

1-00 

Bleeding 


5 

0-75 



6 

0-60 

»» 


7 

0-30 

if 


8 

0-20 

9f 

0-1-0-2 

9 

0-10 

No bleeding 

0- 1-0-2 

10 

0-20 

Bleeding 


11 

0-10 

>> 

0-075-0-1 

12 

0-075 

No bleeding 


13 

0-10 

ft 


14 

0-20 

f f 

0-2-0-3 

15 

0-30 

Bleeding 


16 

0-20 

99 

<0-2 
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Table m. Uterine bleeding in a rhesus monkey (3.45-51, 63-73) after single 
injections of diethylstilboeslrol dipropionate. Experiments 7 and 8 were 
separated by an interval in which the animal was injected with oesiradiol 
benzoate {for details see Table IV). Uterine bleeding did not follow the last 
injection of oestradiol benzoate 

It vnll be seen that the threshold for diethylstilboestrol dipropionate varied 
between 0-0125 and >0-075 mg. depending on whether the animal was being 
injected with decreasing effective amounts or with increasing amounts be- 
ginning at an ineffective level. 


Sequence of experiments Amount of hormone 

Result 

Threshold 


(mg.) 


(mg.) 

1 

0-50 

Bleeding 


2 

0-40 

>» 


3 

0-30 

>t 


4 

0-10 

tf 


5 

0-05 

tt 


6 

0025 

it 

0-0125-0-025 

7 

0-0125 

No bleeding 


8 

0025 

»» 

>0-025 

9 

0-30 

Bleeding 


10 

0-20 



11 

0-10 

»» 


12 

0-075 

ft 


13 

0-03 

f* 


14 

0-025 

tt 

0-0125-0-025 

16 

0-0123 

No bleeding 


16 

0-025 

tt 


17 

0-03 

tt 


18 

0-073 

tt 

>0-075 

Table IV. Uterine bleeding 

in a rhesus monkey (3.52-62) after single injec- 

tions of oesiradiol benzoate. 

Bleeding had not occurred in 

the experiment (7 of 

Table 1 1 1) immediately preceding the firslofth 

isseries. The threshold proved to 

be higher (0-75-1*5 mg.) xvhen the doses were gradually increased from an in- 

effective than ivlien they were 

decreased from an effective level (0-05-0-075 mg.) 

Sequence of experiments Amount of hormone 

Result 

Tlircshold 


(mg.) 


(mg.) 

1 

2 

0-40 

0-75 

Xo blooding 



»» 

0-75-1-5 

3 

1-5 

Blooding 


4 

1-0 

ft 


5 

0-5 

tt 


6 

0-4 

*• 


7 

0-3 

»» 


8 

0-2 



9 

0-1 



10 

0-07.> 


0-05-0-075 

n 

005 

Xo 
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Table V, Uterine bleeding in a rhesus monlcey (435,5-21) a]ler single injec- 
tion's of hcxoestrol. Bleeding had not occurred in the experiment immediately 
preceding the first in this series. Variation in the threshold as in Tables II, 

III, IV 


Soquenco of oxporiinents 

Amount of hormono 

Result 

Thrcsliold 


(»ng-) 


(mg.) 

1 

0-5 

No bleeding 


2 

1-0 


l-O-SO 

•I 

.l-O 

Bleeding 


4 

2-7 



6 

10 



6 

0-76 


0-50-0.75 

7 

0-5 

No bleeding 


8 

0-75 



9 

4-0 

it 

4-0-100 

10 

100 

Bleeding 


11 

7-5 

it 


12 

4-0 

it 


13 

2-7 

it 


14 

2-0 

it 


16 

1-0 

it 

O'75-l-O 

16 

0-76 

No bleeding 


17 

1-0 

it 

>1-0 


Discussion 




These observations show that a single dose of oestrogen, both above 
and about the threshold effective to stimulate uterine bleeding, is more 
liliely to produce a response in a spayed rhesus monkey if it immediately 
follows a phase of uterine bleeding than if it is given after a preceding 
dose which was insufficient to produce bleeding. Experiment, of which 
details will be given elsewhere, also shows that, even if the preceding dose 
is high enough to produce bleeding, a subsequent dose is less likely to do 
so the longer the interval between its administration and the cessation 
of the previous bleeding. 

Since uterine bleeding following oestrogen-administration is due to a 
gradual fall to a critical level of the concentration of oestrogen in the 
body [Zuckerman, 1937a, 5], these findings would also seem to suggest that 
the small amount of oestrogen that may be left in the body at the time 
of bleeding continues to exercise not only an important influence on the 
uterus for some days, but a greater influence than larger doses which have 
proved ineffective. An alternative and more likely explanation is that 
the uterus is much more responsive to oestrogenic stimulation immediately 
after uterine bleeding begins than when it has returned to the inactive 
state normal in ovariectomized monkeys — a conclusion which has obvious 
clinical bearings. 
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The experiments also show that a statement of the threshold dose of 
oestrogen (given in a single injection) for an individual monkey can only be a 
series of values relating to the different circumstances of administration 
that have been discussed above. Further data are being collected to 
discover the conditions imder which extreme values vary. 

Finally, it may be noted that the fact that an ineffective low dose 
results in the raising of an animal’s oestrogen threshold may he an ex- 
planation of the difficulties that are encountered in finding the level of 
daily administration at which recurrent phases of uterine bleeding will 
o.ccur [Zuckerman, 1941]. 


Stjmmaky 

A series of experiments on 31 spayed rhesus monkeys, using 11 different 
oestrogenic compounds, has shown that the minimum single dose of 
oestrogen effective in producing uterine bleeding is lower when injections 
are begun at an effective high level and then decreased, than when the 
injections are increased from an ineffective low level. They also suggest 
that the uterus is much more responsive to oestrogenic stimulation imme- 
diately after uterine bleeding begins than when it has returned to the 
inactive state normal ia ovariectomized animals. 

This finding appears to have clinical bearings. 

The work reported in this paper was made possible by grants from the 
Medical Research Council and from the Nuffield IMedical Committee, 
Oxford. My thanks are also due to Dr. Karl jMiescher, of the Ciba Com- 
pany, and to the Therapeutics Trial Committee of the Jledical Research 
Council for the hormones used in this study, and to Mr. D. E. D. Kimpton 
for his help in giving injections. 
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A VERY large number of compounds is now known wliich reproduce or 
imitate the action of the naturally occurring oestrogens. The outstanding 
researches of Dodds and his co-workers have shown that, while potencies 
equalling or approaching those of the natural substances seem to be pos- 
sessed onlj’^ b}’’ tliose sjmthetic compounds ■H'hich appear to be closelj^ 
related to them in structural configuration, the structure of other more 
weakly oestrogenic compounds maj' diverge considerably from this type. 

Stroud [1940] has shown, however, that when diphen}^, diphenjd ether, 
diphenylmethane, stilbene and y:S-diphenyl-^:S-hexadiene are injected 
into female rabbits, phenolic metabolic products are excreted, which 
are usually more active oestrogenically than the parent compounds. It 
might be supposed, therefore, that the activity shown b}'^ tlie non-phenolic 
precursors is due to the formation of the phenols in vivo. The question 
thus arises, which of the apparently active substances so far described are 
direct oestrogens, and which require to undergo a metabolic change in 
the body before they become oestrogenic ? 

A simple method of investigating this question was suggested by the 
observation that some of the sjmthetic oestrogens exhibit widely different 
ratios of activity from that of oestrone, with different methods of adminis- 
tration. Thus, a-phenyl-stilboestrol causes vaginal cornification in 50% 
of mice in a dose of 15 pg. by injection, having approximately one two- 
hundredth of the potency of oestrone, which causes a 50% response in 
an injected dose of 0-075 pg. When given directly into the vagina, by 
the technique described below, the dose of the former required to produce 
cornification is still 10 fig., whereas oestrone thus given is active in the 
relatively minute dose of 0-00029 fig., giving a ratio of over 30,000. The 
synthetic compound, scarcely if at all more active when given locally than 
when injected, must- differ in its mode of action from oestrone, which 
exhibits such a greatly enhanced potency when given locally. The 
simplest explanation is that a-phenyl-stilboestrol is itself inactive, and 
must be transformed in the body to an active metabolite. If such com- 
pounds were absorbed from the vagina into the circulation, as from an 
injection elsewhere, the metabolite would presumably return to the 
vagina in no greater dose or concentration than that which Avould reach 
it when the same dose of the parent substance was given subcutaneously. 
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A series of compounds has therefore heen investigated with a view to 
separating true oestrogens from supposed precursors or ‘pro-oestrogens’, 
hy the method of comparing the doses of each required to cause vaginal 
comification in the same proportion of mice when given (a) subcutaneous^, 
and (6) intravaginally, with the expectation that pro-oestrogens would be 
needed in about the same amount intravaginally as subcutaneously ; and 
that true oestrogens would he effective in a much smaller dose when given 
into the vagina. This would obviously still leave open the possihilitj'^ that 
some substances which are classified as true oestrogens on this basis owe 
their apparently direct activity to local transformation to active com- 
pounds, a relatively small local dose being sufficient when the transfor- 
mation does not require systemic absorption. Since, however, this may 
well be true even of some of the natural oestrogenic hormones, if not, 
indeed, of all, the distinction between true oestrogens and pro-oestrogens, 
made on the basis of the relation between local and systemic effectiveness, 
may he regarded as a real one. 


Technique 
Intravaginal assays 

It is fairly generally agreed that oil solutions are not very effective 
when introduced into the rat or mouse vagina, but that aqueous or ,50% 
water-glycerol solutions will enable a verj' small quantity of the natural 
oestrogens to take effect [Lyons & Templeton, 1936; Emmens, 1939a; 
Freud, 1939; Muhlbock, 1940]. 

Preliminary tests on ovariectomized mice with international standard 
oestrone dissolved in distilled water, physiological sahne or 50% water- 
glycerol showed that httle difference exists between the effectiveness of 
these media. Since the solubility of various compounds seemed highest 
in 50% glycerol, and the viscosity of the vehicle aids its retention in the 
vagina, this solvent was chosen for further tests. These were conducted 
bj' giving two intravaginal doses in 0 01 ml., or occasionally 0-02 ml., 
one on each of two consecutive days, by means of a Trevan micrometer 
sjTingc, fitted with a blunt needle having a small aperture near to the 
rounded end. A volume of 0-01 ml. is the most that can be given with 
any safety, as leakage from the vagina occurs readih' with greater quanti- 
ties, but it was occasionally necessary to give 0-02 ml. in order to introduce 
sufficient material, when dealing with weakly active compounds. 

Smears were taken at first in the evening of the 2nd day, and then 
twice daily, in the morning and evening, for two further da 3 *s. Since 
practicallv all positive responses were detected b\’ the 2nd and 3rd 
smears, the 1st and 5th were sometimes omitted in later tc.^ts. As with 
other a.ssaj-s of this t\-pc, onl\- smears with no Icucoc^vtcs and with 
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cornified or nucleated epithelial cells were scored as positive, all others as 
negative. 

It was impossible to get the higher doses of many compounds into 
conijdetc solution, and the material had to he introduced as a finel 3 ' 
ground suspension or cr 3 ’^stalline mush. Care was taken to ensure, as far as 
possible, the homogeneit 3 ’’ of such preparations, since a series of samples 
of 0-01 ml., if taken from an uneven suspension of large particles, might 
var}'^ greatly. It was usually impossible to administer a higher dose than 
2-4 mg. of any comjiound, but in a few cases a paste Avas successfull 3 ' 
made which facilitated the introduction of up to 20 mg. total dose. In 
only one instance Avas such a high dose of material manifestly unabsorbed 
b3'^ the time of the first smear, Avhich contained cr3'^stals of the material 
(p-feri?ary-amyl -phenol). In the great majorit 3 ’’ of tests, it ma 3 ’^ be 
assumed that absorption Avas complete or very nearl3’^ so, as careful search 
for residual material in smears has been unsuccessful. 

Syslemic assays 

These assa 3 ^s Avere carried out as alread 3 ’^ described b 3 ’- Emmens [1939a], 
two injections being given in oil, one on each of tAA'o consecutiA’^e da3'^s, 
and smears taken on the 3rd and 4th days. The same criterion of response 
Avas used as in the intravaginal series. 

Expression of results 

The amounts of a substance required to give 60% of positive responses 
in each test Avere usually calculated from results Avith 10-30 mice, after 
preliminary assays Avith series of graded doses, one per mouse. Some- 
times, lack of material prevented such a detailed investigation; this is 
indicated by placing ‘ca.’ before the estimate in the tables. The more 
detailed investigations Avith a feAv compounds are referred to separatel3'' 
below. 

The accuracy of the comparison of the systemic and local doses is in 
most cases not great, and varies from compound to compound. Time-to- 
time variation in response has not been strictly controlled, although other 
precautions such as ‘priming’ at regular intervals have been taken. 
Attention to the finer points Avould have been unnecessary, as Avill be 
apparent from the tables, since we are dealing Avith differences of the 
order of 100: 1 as betAveen the oestrogens and pro-oestrogens. The basis 
of discussion Avill be the ratio betAA^een the S3'^stemic and local median 
effective doses, twice the standard error of AAdiich is normally of the order 
of —60% and -|-100%, rarely more. Thus, ratios Avhich should actuall3’- 
be unit3'^ may fall betAveen 0-5 and 2-0, and those Avhicli should actuall3’- be 
100, betAveen 50 and 200. HoAA'ever, the experimental findings liaA’^e 
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generally indicated that the ratios for the true oestrogens are more accu- 
rate than those for the pro-oestrogens, often because it was possible to 
use more animals per substance. Those given for oestrone, oestradiol 
oestriol and diethylstilboestrol have standard errors of not greater 
than ±15%. 

Results 

Dosejrespon^e lines for intravaginal assays 
In Table I are shown the results of an investigation into the responses 
to oestrone, oestradiol, oestriol and diethylstilboestrol. The main points 


Table I. Response of ovariectomized mice to oestrogens applied intravaginally 
in 50% water-glycerol, by two doses 24 hours apart 


Substance 

Dose 

No. of mice 

% -}-ve response 

Slope ± S.E.* 


(t^-) 




International 

0-0002 

20 

15 


Standard Oestrone 

0-00025 

20 

25 



0-0003 

20 

70 

5-441±0-638 


0-0004 

20 

85 

(excluding last 


0-0005 

80 

87-5 

3 doses) 


0-00075 

20 

90 



0-001 

20 

100 



0-0015 

20 

95 


Oestradiol 

0-00025 

40 

37-5 



0-0005 

40 

47-5 

0-850±0.440 

Oestriol 

0-00025 

20 

0 



0-0005 

40 

2-5 

8-726± 1-209 


0-001 

20 

55 


Diethylstilboestrol 

0-00025 

40 

32-5 



0-0005 

40 

70 

3-249i0-474 


‘Standard error. 


of interest are that the dose/response curves are as steep as those found 
when the substances are given subcutaneously, with the exception of 
oestradiol, and that the difference between any two slopes exceeds in all 
cases ttvice its standard error. This unfortunate discrepancy makes it 
improbable that the intravaginal route is adaptable for assajdng oestro- 
genic preparations accuratelj^, unle.ss their exact nature is known. 

The fairlj^ detailed dose/response curs'c established for oestrone has the 
same slope as that found with similar mice when the hormone is injected 
in oil [Emmons, 10396] if the three highest doses are excluded. These, 
which from the remaining responses would be expected to have produced 
100% of positive responses, tend to fall below that level. It has been a 
general experience with the intravaginal method that responses of more 
than 00% arc difficult to obtain unless relatively large doses are used, as 
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one or two mice in a group often fail to react at the liiglier dose-levels — 
due, in all probability, to leakage of the solution from tlio vagina. It is 
therefore essential not to rely upon high response levels for assajdng 
preparations. When suspensions of the less active sjmtJietic compounds 
are used, it is also occasionally found that an unexpected positive response 
occurs at a low level of dosage. This again may be explained on the 
assumption that a relatively large particle of the substance has entered 
the vagina despite the precautions taken, and a repetition of the test at 
the same and higher levels clarifies the situation. When dealing with 
such suspensions, it has been the practice never to relj’- upon the results 
of a single assay, but to repeat all tests at two dose-levels at least, and to 
establish further dose-levels at which definitely negative responses are 
obtained. 

In Table II are shown the results with the oestrogens of Table I Avhen 
compared by a single intra vaginal application. The three most potent 

Table II. Response of ovariectoinized mice to oestrogens given by a single 
intravaginal application in 60% water-glycerol 


Substance 

Dose 

No. of mice 

% -t-vo response 

International 

O'OOIS 

40 

25 

Standard 

Oestrone 

0-003 

20 

60 

Oestradiol 

0-0016 

20 

60 

Diethylstilboestrol 

0-0015 

20 

65 

Oestriol 

0-01 

20 

0 


compounds, oestrone, oestradiol and diethylstilboestrol remain of approxi- 
mately equal activity. Oestriol had about a third of the activity of the 
others when compared by giving two doses, but now appears to be less 
potent in comparison with them. The figures are explicable on the same 
general grounds as those found when these oestrogens are compared by 
giving a single subcutaneous injection, in that the individual rates of 
absorption and elimination are able to exert a greater effect on the 
apparent potency than when multiple injections are given. It seems 
probable that two injections in 50% glycerol usually enable something 
approaching complete utilization of the material to be effected, and this 
is reflected in the strildng levelling of potencies seen with the four com- 
pounds. 

The subcutaneous jintravaginal ratios 
The ratio of the median effective subcutaneous dose (that required to 
give 50% of positive responses) to the corresponding intravaginal dose is 
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the S/L (systemic: local) ratio. The S/L ratio for the three natural 
oestrogens at the top of Table m shows considerable variation, but the 


Table m. Substances having a high S/L ratio 

Median eSective 
dose when given by: 


No. 

Substance 

Subent. 

injection 

Intravaginal 

application 

S/L ratio 

1 

Oestrono 

0‘075 pg. 

0-00029 fig. 

260 

2 

Oestrone methyl ether 

0-9 

0-015 

60 

3 

Oestradiol 

0-025 „ 

0-0005 ,, 

50 

4 

Ethinyl oestradiol 

0-03 „ 

0-00025 „ 

120 

5 

Oestriol 

2-0 

0-001 

2000 

6 

Ethinyl-dihydro-equilin 

0-045 „ 

0-0005 „ 

90 

7 

Diethylstilboestrol 

0-12 „ 

0-00037 „ 

320 

8 

^-Diethylstilboestrol 

0-45 „ 

0-001 

450 

9 

Diethylstilboestrol dimethyl ether 

8-0 

0-02 

400 

10 

Ethyl-propyl-stilboestrol 

0-6 

0-0035 „ 

170 

11 

Di-iso-propyl-stilboestrol 

4-7 

0-015 „ 

310 

12 

Di-n-hutyl-stilboestrol 

50-0 

0-16 

310 

13 

Hexoestrol (Meso) 

0-16 „ 

0-0009 „ 

180 

14 

Hexoestrol (Racemic) 

8-9 

0-025 „ 

360 

15 

4: 4-Dihydroxy-y: S-diphenyl-^: S- 
hexadiene 

0-1 

0-00058 „ 

170 

16 

Triphenylchloroethylene 

65-0 

1-0 

65 

17 

3: 3': 4: 4'-Tetrahydroxy-y:S-diphenyl- 
n-hexane 

12-5 „ 

0-2 

63 

18 

l-Ethyl.2-(j)-hydroxyphenyl)-6-hydroxy- 
1:2:3: 4.tetrahydronaphthalene 

ca. 1-0 mg. 

8 

00 

6 

ca. 125 


high figure of 2000 found with oestriol is particularly exceptional, as it 
so happens that oestriol, presumably on account of its great solubility in 
body-fluids, is the only substance investigated which has been found to 
increase greatly in potency when more than two subcutaneous injections 
are given. With four injections the median effective dose is 0-14 fig., 
which gives a ratio of 140. The ratio for the other naturally occurring 
oestrogens would be very little affected by an increase in the number of 
injections [cf. Emmens, 1939a], as they do not show much change in 
potency. 

The expectation discussed above, that oestrogens would fall into two 
distinct classes, has been amply confirmed bj’ these tests. The substances 
in Table III, the true oestrogens, in no case exhibit a ratio of less than 50, 
whereas those in Table W, the pro-oestrogens, in no case exhibit a ratio 
of more than 2, when this ratio has been fulh* investigated. It has proved 
impossible to determine all of the ratios listed in Table IV completely, 
sometimes because of lack of material, as it takes a solution or suspension 
at 100 mg./ml. to give a dose of 2 mg., and sometimes because higher 
concentrations would not pass through the needle of the .syringe. 

As it is usually easier to determine the high S;L ratios with fair 
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Table IV. Substances having a loio S/L ratio {pro-ocstrogcns) 

Median offoctivo 
dose when given by: 


Subciit. Intrnvnginnl 


No. Substance 

injection 

application 

S/L ratio 

19 4-Hydroxydiphonyl 

120 mg. 

> 10 mg. 

<12-0 

20 4: 4'-Dihydroxydiplionyl 

16 

> 2 

< 7-0 

21 4-Hydroxydiphonyl other 

30 „ 

> 4 „ 

< 7-0 

22 4 : 4'-Dihydro.\j'diphonj’l otlior 

30 „ 

> 2 ,. 

<15-0 

23 Stilbono 

3-2 „ 

2 „ 

1-6 

24 4-Hydroxy8tilbono 

26 4: 4'-Dihydroxystilbono 

o 

ff 

> 2 „ 

< 1-0 

0.0 

> 2 „ 

< 1-0 

26 4-Hydroxy-Q: : ^-diothylstilbono 

20 fig. 

> 30 pg. 

< 0-6 

27 a-Phonyl-stilbooatrol 

15 .. 

10 

1-6 

28 a- Phenyl- p : /J-di(p-liydro.xyphonyl)- 
othylono 

8 

”0 

t* 

0-4 

29 Dihydroxyhoxahydrochr 3 'sono 

160 „ 

ca. 200 ,, 

ca. 0-7 

30 9: lO-Dihydroxy-9: lO-di-n-propyl-9: 10- 
dihydro-1 : 2: 6- O-dibonzanthracono 

18 

20 „ 

0-9 

31 9: lO-Dihydroxy-9: lO-di-cyclopontjd- 
9: 10-dihydro-l : 2; 6: O-dibonz- 
nnthrncono 

490 ,. 

300 „ 

1-6 

32 Dihydroxy-di-a-nnphthyl-nconaphthono 

200 „ 

CO. 600 ,, 

CO. 0-33 

33 jj-Hydroxypropiophonono 

8 mg. 

CO. 2 mg. 

CO. 4-0 

34 p-Hydroxypropiophonone pinacol 

30 fxg. 

60 pg. 

0-6 

36 p-tert-Arayl-phonol 

40 mg. 

> 20 mg. 

<2-0 

36 4-Hydroxy-triphonylmothano 

0 

^ 2 ,, 

<3-0 

37 trans-Androstenodiol 

0-7 „ 

0-8 mg. 

0-9 

38 Anhydro-hydroxy-progesterono 

1-2 „ 

1-0 „ 

1-2 

39 oc-Ethylstilboostrol 

CO. 90 pg. 

>20 pg. 

<4-0 


accuracy, the degree of variation shown in Table III is probably indicative 
of real but small differences between some of the compounds. On the 
other hand, none of the figures for the low S/L ratios can be considered 
to differ significantly from unity. 

In Table V, some esters of substances having a high S/L ratio are 
compared with the parent compounds. It will be seen that esterification, 
which may raise the S/L ratio, does so mainly by virtue of its effect in 
increasing the dose needed by subcutaneous injection. Only small differ- 
ences were found, on a molar basis, between the amounts of the esters 
and parent compounds needed to cause cornification when given intra- 
vaginaUy. Such esters may therefore be supposed to be hydrolysed 
locally with high efficiency. The effective intravaginal doses of the lower 
esters of oestrone and of oestradiol benzoate are somewhat less, in terms 
of free hormone, than those of the unesterified substances. It seems 
probable that these esters are rather more efficient than the free hormones, 
on account of a slight decrease in the rate at which the active material 
becomes available, and a corresponding decrease in the rate of its absorp- 
tion and further metabolism. 
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Iniraperitoneal injection 

Pincus & Werthessen [1938] report that some synthetic compounds, 
notably phenanthrene derivatives, are very much more potent when given 
intraperitoneally than they are when injected subcutaneously. Increases 
in potency were found of the order of 50-300 times. They suggest that 
absorption is facilitated when these substances are injected into the bod 3 ’- 
cavity. 


Table V. The effect of esterification on the SfL ratio 


Substance 

Median 
effective dose 
by subcut. 
injection 

Oestrone 

0-075 pg. 

Oestrone butyrate 

0-070 „ 

„ caproate 

0-15 „ 

Oestradiol 

0-025 „ 

Oestradiol benzoate 

0-08 „ 

DiethylatUboestrol 

0-12 „ 

Diethylstilboestrol dipropionato 

0-U „ 

Diethylstilboestrol dicaproato 

0-45 „ 

Diethylstilboestrol dipalmitate 

6-0 „ 


Median effective dose by 
intravaginal application: 


Actuol 

As free 
substance 

S/L ratio 
(actual) 

0-00029 pg. 

0-00029 pg. 

260 

0-0003 „ 

0-00022 „ 

230 

0-0003 „ 

0-00021 „ 

500 

0-0005 „ 

0-0005 „ 

50 

0-0005 „ 

0-00034 „ 

160 

0-00037 „ 

0-00037 „ 

320 

0-00075 „ 

0-00045 „ 

190 

0-0015 „ 

0-00075 „ 

300 

0-002 

0-00062 „ 

3000 


Compounds 18, 20, 23, 24, 25, 27 and 35, a series containing some 
members of low activity, which might be supposed to be more effective 
intraperitoneally, were therefore given to groups of spaj-^ed mice bj' two 
intraperitoneal injections in oil, in one tenth of the dose needed to give 
50% of positive responses by subcutaneous administration. The assays 
were carried out as usual, except that smears were taken on the daj’- of 
the 2nd injection and for two further days. No positive responses were 
observed. 

It does not appear, therefore, that the use of intraperitoneal injections 
would have given verj' different ratios from those found hj’- the present 
method. The absorption of the compounds tested from the subcutaneous 
tissues and from the vagina does not appear to have been as inefficient as 
Pincus & Werthessen’s results — admittedly* with different materials — 
might have led one to suspect. 


Discussion 

The structural formvilae of the substances showing a high ratio 
are shown in Fig. 1, with index numbers corresponding to those in Table 
III. This class includes the natural oestrogcns and various modifications 
of them, and their esters, the synthetic oestrogcns of the stilbocstrol 
series, hexoestrol and dihydroxydiphcnyliiexndiene, excluding, however, 
diliydroxystilbcne and monoethylstilboestrol. It also include? compound 
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18, and, rather unexpectedl3% triplicnjdchloroethylene. Witli the excep- 
tion of tliis last substance, the liigh-ratio compounds are thus related 
stereochemicallj’^, although the cis-derivative, ^jr-diethjdstilboestrol [Dodds, 
Golberg, Lawson & Robinson, 1939] and the external^ compensated 
form of hexoestrol (j-ac.-hcxocstrol — m.p. = 128°) are included. Com- 
pound 17 and triphen3dchloroeth3'lene seem to have ver3’’ flat intravaginal 
dose/response eurves, but there remains little doubt that the3’’ are to be 
classed with the high-ratio compounds, ns the3’^ have consistentl3’- given 
jDositive responses with doses of the order indicated in Table III, although 
high percentage responses are difficult to obtain. 

The formulae of substances with a low S/L ratio are shown in Fig. 2. 
The importance of small details of structure is shown b3’’ the finding 
that 4-h3fdrox3'-a: )3-dieth3dstilbene, a-eth3dstilboestrol (mono-eth3dstilbo- 
estrol), 2J-h3'^drox3^propiophenone pinacol (4 : 4'-a : y8-tetrah3’^drox3’^-dieth3d- 
dibenzyl) and dih3’^drox3diexah3'^drochr3"sene fall into this class, as the3’’ 
are all closel3'^ related to members of the high-ratio series. Dih3’^droxy- 
hexah3’^drochrysene, said b3’' Dodds et al. [1939] to be the b-o7!5-compound, 
might in particular have been expected to possess a high S/L ratio, as it 
so closely resembles the natural oestrogens, and in fact possesses the 
structure which dieth3dstilboestrol has been supposed to imitate in the 
disposition of its eth3d groujJs (Fig. 3). 

It is evident that a considerable range of compounds will have to be 
investigated before the structural configuration which must be possessed 
by a true oestrogen becomes clear. The high intravaginal activit3’’ of 
triphenylchloroethylene disposes of an3’- supposition that h3'^drox3d groups 
and a close resemblance to the natural compounds is essential, unless we 
further suppose that it is converted locall3'^ to a different compound. 
Fuller discussion of this question seems best avoided until more data are 
available, but it ma3'' be noted that dieth3dstilboestrol is no longer a 
direct oestrogen if a hydroxyl group or an eth3d group is missing from the 
molecule. 

The pro-oestrogens listed in Table IV and Fig. 2 ma3'^ with some degree 
of confidence be described as compounds which must undergo structural 
changes in the bod3'^ before becoming oestrogens. It need not be em- 
phasized that a rigid proof of this doctrine is not presented here, but that 
it is so far a successful working hypothesis, and that it is not necessary to 
suppose that more than a minute fraction of such compounds is so trans- 
formed. There appear to be no grounds for supposing that they stimulate 
the production of a natural oestrogen by the animal. Such oestrogen 
production in spa3’^ed animals has not been conclusively demonstrated, 
and the chemical structure of at least some of these compounds is such 
that the small changes necessary for their conversion to oestrogens seem 
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Fio. 2. Pro-oestrogens (Table IV) 


more likely to take place in the body than a secretion of abnormall}^ high 
amounts of oestrogen from extra-ovarian sources, under stimulation from 
the injected substance. 

The oestrogens listed in Table m, on the other hand, are possiblj’- 
active in their initial form, and very probably so in the case of the natural 
free oestrogens. Local changes very likely take place in the case of the 
methyl ethers, and possibly with the ethinyl compounds. The esters are 
almost certainly hydrolysed. The methyl ethers are not as active intra- 
vaginally as are the parent substances, and we may suppose that de- 
methylation takes place before they act, but that it is not rapid or is not 
complete. 



Fio. 3. Dicthylstilboestrol (rran-s-configuration) 

The peculiarities of the segregation into the classes of low and Iiigh 
S/L ratio discussed above may lead to suspicions that classification into 
pro-oestrogens and oestrogens on this basis alone is not sufficiently justi- 
fied, and that the ratio may in some cases depend on properties of another 
kind. The outstanding probabilit3' is related to the rate at wliich com- 
pounds maj' be absorbed into the general circulation. Thus, if a substance 
were rapidlj- and completelj’ absorbed b^' the vaginal muco.^a it might 
become so quicklj' distributed throughout the s^’stem as to produce no 
more effect than if it were injected elsewhere, not remaining long enough 
at a high concentration in the vagina. This might cause a dirceth- active 
substance to appear rclativch- inactive when given localh-, and to possess 
a low S/L ratio. Moreover, such rapid absorption must be po-tn!atcd in 
order to explain the metabolism of pro-oestrogens in the bcKlv, as tlic=e 

n h 
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substances or tlicir metabolites stimulate cornification Avlien given in 
efTective closes vaginam as rapidly, or nearly as rapidly", as the natural 
hormones. The natural hormones and the highl^y active sj'ntlietic com- 
pounds are not dispersed throughout the body, since the}" are active in a 
small fraetion of the dose required when such dispersal occurs, as b^' sub- 
cutaneous injection. If all the compounds c.vamincd were, for instance, 
true oestrogens, and underwent varying degrees of absorption, thc3' should 
show a wide, continuous raiige of S/L ratios. The fact that they do not, 
but segregate into two distinct classes is a strong argument in favour of 
the lyyjDothesis put forward. 

Robson & Adler [1940] have also shoAvn that oestradiol and stilboestrol 
act locall}'^ on the vagina without aj^prcciable absor])tion into the general 
circulation, since a separate vaginal pocket formed from the lower vagina 
Avas practically unaffected in mice receiving the compounds in saline in 
the upper vagina. Their results are particularly striking, since as much 
as 0-2 pg. of dieth3dstilboestrol given into one part of the vagina produced 
almost no response in the second, separated part. The3^ also remarked 
that oestriol glucuronide is active locall3'. 

The present results are thus exijlicable on the grounds that physiological 
doses of substances Avhich are active ]ocall3’’ are fixed or utilized in the 
tissues, and do not escape in appreciable amounts into the circulation, 
whereas the pro-oestrogens are not immediatel3' utilized or fixed, but pass 
into the circulation and undergo metabolic changes to oestrogens. 

The two compounds possessing other activities than those t3q)ical of 
oestrogens are of interest. ^?a 7 ?s-Androstenediol is also and more pre- 
dominantl3'’ an androgen, and anh 3 '^dro-h 3 ’^drox 3 '^- 23 rogesterone (ethin3d 
testosterone) is also androgenic, progestational and metrotrophic [Emmens 
& Parkes, 19396]. Emmens & Parkes [1939a] have alread3'^ suggested that 
such compounds, which exhibit more than one t3'^pe of biological actiAdt3’’, 
do so by virtue not of the multiple properties of a single molecule, but of 
the separate properties of various metabolic products. This has now been 
demonstrated as regards the oestrogenic activit3’' of these tAVO substances. 
On the other hand, fj-aws-androstenediol (unpublished data) and anIi3"dro- 
h3^droxy-progesterone [Emmens & Parkes, 19396] are highl3'- actiA^e as 
androgens Avhen inuncted to the capon comb, so that the intact molecules 
are apparently androgenic. 

As observed by Miihlbock [1940], the potencies of oestrone, oestradiol 
and diethylstilboestrol are not significantly different Avhen these oestrogens 
are given intravaginally. It is difficult to sa 3 '^ Avhether an 3 '’ great impor- 
tance is to be attached to this, but the virtual equality of the three most 
highly active substances seems to suggest that they are as full 3 '’ efficient 
as an oestrogen can be. The same situation is found Avith the androgens 
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[Dessau, 1937 ; Emmens, 1938, 1939a and further unpublished data], in 
that androsterone, testosterone and androstenedione differ very little in 
potency when inuncted to the capon comb, and fmTw-androstenediol, 
androstanediol and irans-dehydro-androsterone are only slightly less 
potent, showing in all a range of from 10 I.U. to 3 I.U. per mg., whereas, 
by injection, the range for these six androgens is from 70 I.U. to 2 I.U. 
per mg. No ‘pro-androgen’ has yet been discovered. 

It should be noted that, as far as the evidence goes, oestrogens do not 
act directly on the epithehal cells of the vagma [Emmens & Ludford, 
1940], their action being possibly confined to the production of local 
hjrperaemia [Hechter, Lev & Soskin, 1940]. This is in accord with the 
finding of a high local potency for substances which are presumed to act 
unchanged, or to undergo metabolic changes which can be effected in the 
vagina itself. 

StraniAny 

1. The natural oestrogens, man}”- compounds of the stilboestrol series, 
hexoestrol, and a few other sjmthetic oestrogens are highlj" active when 
administered intravaginally in 50% aqueous glycerol. The ratio of the 
dose which produces 50% of comified smears when given subcutaneously' 
in oil, to that required intravaginally (the systemic/local or S/L ratio) is 
greater than 50, and usually falls between 50 and 400. 

2. Other synthetic compounds do not produce vaginal cornification 
unless they are given intravaginally in about the same quantity' as is 
needed by injection. The S/L ratio for these substances therefore approxi- 
mates to unity. It is suggested that these compoimds, the ‘pro-oestro- 
gens’, are absorbed into the circulation and undergo metabolic changes 
to true oestrogens. /rarrs-Androstenediol and anhydro-hydroxy -proges- 
terone also fall into this class. 

3. Esters of oestrone, oestradiol and diethylstilboestrol appro.ximate in 
local activity to the free substances, and are most probably' hydrolysed 
locally' with high efficiency'. 

4. Further investigations are planned by' means of which it is hoped 
to elucidate the course of metabolism of the pro-oestrogens and the 
structure which must be possessed by' substances of the high S/L ratio 
group. 

I am deeply indebted to Professor E. C. Dodds and Mr. W. Lawson 
who have generously provided the great majority' of the .synthetic com- 
pounds used in this investigation. I have also to tiiank Dr. H. King for 
he.xocstrol and rnc. -hc.xoestrol. Dr. P. G. Marshall and the British Drue 
Houses, Ltd., for the di-methyl ether and di-esters of stiihoestrol. and 
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Dr. IC. Micsclicr and Mc-ssrs. Cibn for the ctliin}’! derivatives of oest- 
radiol, dilij'^droequilin and testosterone. 
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It has been realized for some years that treatment with anterior pituitary 
extract may he followed, under some conditions, by a positive nitrogen 
balance [Teel & Cushing, 1930 ; Gaebler, 1933 ; Lee & Schaffer, 1934] and 
a fall in the non-protein nitrogen content of the blood [Teel & Watkins, 
1929]. As might he expected such effects are associated with growth- 
promoting fractions of the anterior pituitary lobe. 

Evidence is now accumidating which relates the influence of anterior 
lobe preparations on growth and nitrogen retention with their action on 
carbohydrate metabolism. Thus Shipley & Long [1938] and Young 
[1939a] found that anterior pituitary fractions which possess diabetogenic 
activity are also growth-promoting, while more recently Dohan, Fish & 
Lukens [1941] found that dogs which are in the process of being made 
permanently diabetic as the result of treatment with crude anterior 
pituitary extract, exhibit nitrogen retention during those periods in which 
there was httle glycosuria attributable to protein sources. Jlirskj’ [1939] 
suggested that the anterior pituitary lobe exerts two tj’pes of action on 
protein metabohsm in the normal animal, one being a direct stimulation 
of protein catabolism in the muscles, while the otlier is an indirect action 
through the pancreas, leading to the anabolism of protein material. The 
pancreotropic action of anterior pituitary preparations, which results in 
an increase in the amount of pancreatic-islet tissue and in the amount of 
insulin extractable from the pancreas [Richardson & Young, 1937 ; Marks 
& Young, 1940] is in harmony with such an idea, and Young [19392), 1940] 
considered the possibility that the diabetogenic, pancreotropic, nitrogen- 
retaining and grov'th -promoting activities of such preparations arc all 
duo to the same substance. Such an idea may be an over-simplification 
of a complex problem [cf. Gaebler &. Galbraith, 1941] but nevertheless it 
is clear that the effects of anterior lobe extracts on the metabolism of 
protein and on that of carbohydrate may be intimately related. 

Cuthbertson, McCutchcon & Munro [1940] found that when the carho- 
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liydraic and protein moieties of the diet of the rat are given at different 
times during the day, protein catabolism is somcwlint greater than during 
a period in wliich the same constituents of the diet are offered simul- 
taneousl 3 ^ The present pajier is concerned vith the influence of suitable 
crude pituitaiy extracts, known to have nitrogen-retaining activity in 
the rat, on this phenomenon. 


i^IlCTltODS 

Did 

In the first scries of exjicrimcnts, designed to determine the most suit- 
able t 3 ^pe of crude pituitary’’ extract active in producing nitrogen retention 
in rats ingesting a constant amount of food each da 3 ’’ just sufficient to 
maintain bod 3 '^-weight, the animals were fed on ‘Purina Fox Cubes’^ and 
water, which constitutes a complete diet. The rats were kept in meta- 
bolism cages for 22 hours each da 3 ’’ during which urine (and in some 
instances, faeces) was collected. For two separate hours, one in the 
morning and the other in the evening, the rats were moved into ordinary 
cages together with their ration of food for the da 3 % this being rapidl 3 ’^ 
and completel 3 ’’ consumed in most cases. TJie observed figures for urinary 
nitrogen excretion were multiplied b 3 '^ the factor 24/22 = 1-091 in order 
to obtain values applicable to the whole i^eriod of 24 hours. 

In subsequent experiments in which the carboh 3 ^drate and protein 
moieties of the diet were fed separatel 3 % the diet and procedure were 
those described by Cuthbertson el al. [1940]. 


Animals and procedure 

Male Wistar-strain albino rats Avere used in these experiments, usually 
in groups of five, the results for avIucIi Avere aA’-eraged. 

In the experiments in Avhich a mixed diet Avas giA’-en obserA’-ations of 
nitrogen output Avere made during a preliminar3'^ control period of 2-5 
(usually 2) days; pituitary extract Avas then administered daily for a 
similar period and then folloAA'^ed a second control period. In some experi- 
ments an extract of thymus gland Avas injected daily during the control 

^ Manufactured by the Ralston Purina Company, AA'’oodstock, Ontario, Canada. Ac- 
cording to the manufacturers the ingredients are: flavin concentrate, carotene, wlieat 
germ, dried skim milk, liver meal, dried brewer’s yeast, barley malt, flsh meal, dried meat, 
alfalfa meal, corn grits, soya bean oil meal, molasses, dried beet pulp, cod liver oil, 1% 
steamed bone meal, 1% iodized salt. 

The manufacturer’s guaranteed analysis is : 

Crude protein, not loss than 20%. 

Crude fat, not less than 3%. 

Crude fibre, not more than 6%. 

Our own analyses showed approximately 20% protein on one occasion, and 20-4% 
on another. 
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periods in order to reveal any non-specific effect of inert protein material, 
■while in others daily injections of saline were given during the middle or 
experimental period instead of pituitary extract. No influence of the 
thymus extract on nitrogen retention was observed and the results for 
control periods in which injections of thymus extract were given have 
accordingly not been considered separately from other control periods. 

In those experiments in which the carbohydrate and protein fractions 
of the diet were given at different times the various periods of observation 
— control and experimental — lasted 4-7 days, and again in some instances 
th 3 Tnus extract was injected daily during a control period. 

All injections were given by the subcutaneous route. 

Estimations 

The urine collected daily from each group of rats was pooled for analysis. 
Total nitrogen was determined by Kjeldahl’s method, and creatine and 
creatinine by the method of Folin [1914]. Occasional estimations of the 
total nitrogen content of the faeces were made bj’’ Kjeldahl’s method. 

Anterior pituitary extracts 

The pituitary glands used in the present investigation were obtained from 
the slaughter bouse in an absolute^ fresh condition and brought to the 1 abora - 
tory frozen in sohd carbon dioxide. In one experiment, however, a sample 
of commercial acetone desiccated ox anterior lobe powder was used. 

The fresh pituitar}’- glands were dissected while in a frozen condition, a 
clean separation being effected between the tissue of the anterior lobe 
and that of the posterior part. The anterior lobes were then minced while 
in a frozen condition and then either desiccated in acetone or alcohol 
(the desiccated material being subsequently used for the preparation of 
an alkaline aqueous extract), or extracted immediately -with alkaline 
saline in the cold. In all instances the final concentration of the extracts 
was so adjusted that 1 ml. contained the material extracted from the 
equivalent of 50 mg. of dried gland, the assumption being made if neccs- 
sarj”- that 1 g. of fresh anterior lobe yielded 200 mg. of desiccated tissue. 

(а) Crude alkaline extract was prepared by grinding the glands ■\rith 
•saline at pH S-5 in the cold store, as previously described [Young, 19.3S]. 
The extract of tlnunus gland for control experiments was prepared in a 
similar manner from frozen fresh calf tluTuus tissue. 

(б) Extract of acctonc-dricd glands. The fresh minced anterior lobe 
tissue was stirred at intcrv'als with twenty volumes of cold absolute ace- 
tone in the cold overnight. The residue was again extracted with acetone 
and finally washed with alcohol and ether and dried in vacuo over calcium 
chloride. The dried tissue was extracted twice with saline at pH S-." 
[Yonng, 193S]. 
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(c) Exlracl of alcohol -dr ted Qlandst. TJic frcsli minced anterior Jobe tissue 
was dried citlier witli aljsolutc alcoliol, witli commercial motliylatcd spirit 
(‘Mctlicol’) or witli absolute alcohol containing .')% methyl alcohol. The 
proccdurcwas essentially that of Collip [19.39], according towJiich the minced 
tissue Avas first stirred Avith four A'oluincs of the soh^ent and the residue 
re-extracted tAidco Aidtli a similar A’^olumc. The tissue dried thus Avas suh- 
scquentlj'’ extracted AA’ith saline at pH S‘5. 

Rksults 

Animals receiving a mixed diet 

The results for experiments in AA’liich a crude alkaline extract of fresh 
pituitaiy tissue A\’as used, arc suinniarizcd in Table I, in AA'liich the data 
for different exiieriinents each carried out on groups of i5 rats, are aA^eraged. 
From this it is seen that the daily injection of an extract corresponding 
to 10 mg. of dried ox pituitary tissue giA-cs a maximal effect, resulting in 
a retention of aiiproximately 20% of the initial amount of nitrogen (about 
200 mg./rat/day) excreted in the urine. Sheep pituitary tissue appears to 
be at least as actiA^c as ox pituitary tissue in this respect (Table I). In all 
instances the retention of nitrogen aa’us accompanied b}* an increased 
rate of groAA’th (Table I). During the post-injection control period, the 
nitrogen excretion consistentlj' rose to a level substantial!}’- aboA’e that 
during the pre-injection control period, but this loss of nitrogen AA'as not, 
in general, accompanied by a fall in body-Aveight. 

Table II summarizes the data relating to extracts of pituitary tissue 

Table II. Infinence of extracts of dried anterior lobe tissue of ox ’pituitanj 
gland on nitrogen excretion of ‘picrhia-fed’ rats 


Avorngo urinnrj'' nitrogen excretion 
(mg./rat/day) 


Method of 
desiccat- 

Dose 

injected 

Rats 


Average 



Decrease 

ing 

daily 

Total 

Avorngo 

daily 

Pro- 


during 

pituitary (Mg.-oquiv. 

number 

initial 

food con- 

injoction 

Injection 

injection 

tissue 

dried 

tissue) 

in group 

weight 

(g-) 

sumption 

(g-) 

period 

period 

period 

(%) 

Absolute 

100 

6 

127 

10-0 

235 

188 

20-0 

acetone 

CO 

15 

102 

10-0 

265 

213 

19-6 


10 

6 

134 

12-0 

270 

225 

18-5 


1 

5 

136 

12-0 

SOS 

285 

7-5 

Absolute 

alcohol 

50 

10 

103 

10-0 

273 

204 

3'3 

‘Methcol’ 

100 

10 

205 

11-4 

328 

310 

6-6 

Absolute 

alcohol 

60 

10 

105 

10-6 

281 

262 

6-8 

containing 
C) % methyl 

50 

10 

164 

II-O 

294 

283 

3-9 


alcohol 


Tabic I. Influence of crude alkaline extract of anterior ‘pituitary tissue on the 7iitrogen excretion of 
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